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The Cover 


Suckyballs—C,,,, buckminsterfullerene—as seen in selected 
snapshots from quantum molecular dynamics simulations of 
changes to the atomic structure of the molecule as it is heated 
from zero to 2000 degrees kelvin. 

Buckyballs are new forms of carbon that open exciting new 
areas for experimental and theoretical investigations. The 
molecule holds promise for new superconducting materials and 
may someday be used to make new lubricants, batteries and 
high-strength polymers. 

The computational method used to create the image repro- 
duced above, called quantum molecular dynamics, takes advan- 
tage of the tremendous calculating power available only through 
state-of-the-art supercomputers. The soccerball-shaped image in 
the center of the above photograph shows the electron distribu- 
tion of the molecule at one thousand degrees kelvin, with grey, 
green and orange denoting regions of successively greater electron density. 

The ball and stick images spiraling outward from the central image show the changing atomic 
arrangements as the molecule is heated to 2000 degrees kelvin, with longer bonds appearing in yel- 
low and the shorter ones in red. These calculations show that C,,, is stable at very high tempera- 
tures, despite undergoing substantial shape-distorting soccerball-football oscillations. 


The Image 


The simulations were accomplished at the North Carolina Supercomputing Center. The quanti 
molecular dynamics code used to create the image runs at an average speed of over 200 MFLOPS on 
one Cray Y-MP processor. The graphics rendering of the picture was carried out on a Silicon 
Graphics 4D/280 GTX, using Wavefront and custom software. Work was done by T. Palmer, Cray 
Research, NC Supercomputing Center; J. Bernhole, Q.-M. Zhang, J.-Y. Yi, C. Brabec, NC State 
University. Further details are available in Q.-M. Zhang, J.-Y. Yi, and J. Bernhole, Physical Review 
Letters 66, 2633 (1991). 
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Letter of Transmittal 


December 1, 1991 
My Dear Mr. President: 


In accordance with Sec. 4(j) (1) of the National Science Foundation Act of 1950, as 
amended, it is my honor to transmit to you, and through you to the Congress, the tenth 
in the series of biennial Science Indicators reports—Science & Engineering Indicators - 
1991. 

These reports are designed to provide public and private policymakers with a broad 
base of quantitative information about U.S. science and engineering research and educa- 
tion and about U.S. technology in a global context. 

U.S. Government and industry have led the world in recognizing the importance of sci- 
ence and technology for achieving national objectives. Their support for research and 
development (R&D), and especially basic research, is reflected in the data in these 
pages. But priorities and programs must be constantly redefined and reshaped to adapt 
to rapidly changing global economic, political, and social conditions. This report pulls 
together in a convenient format much of the data about science and technology pertinent 
to these decisionmaking processes. 

The coverage is broad. U.S. and comparative foreign trends are tracked in precollege 
and college-level science, mathematics, and engineering education; scientists and engi- 
neers in the labor force; support and performance of research and development, with 
special detail on academic R&D; technological innovation and the international competi- 
tiveness of U.s. technology; and public attitudes toward, and knowledge about, science 
and technology. 

Mr. President, the National Science Board is proud to call your attention to the fact 
that this tenth edition of the biennial Indicators marks 20 years since the Board initiated 
the report. It is widely used around the world for policymaking as well as serving as a 
model for national science policy data compilations. My National Science Board col- 
leagues and I hope that your Administration and the Congress will continue to find this 
report useful as you seek solutions to our national problems. 


Respectfully yours, 


James J. Duderstadt 
Chairman, National Science Board 


The Honorable 

The President of the United States 
The White House 

Washington, DC 20500 
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Introduction 


Twenty Years of Indicators 


The publication of the 10th biennial volume in the 
Science & Engineering Indicators series signals the com- 
pletion of 20 years of activity in the area. It is a time for 
celebration as well as a time for assessing the achieve- 
ments and shortcomings of the activitv. The anniversary 
also provides an opportunity for appraising the uses of 
the volumes in assisting the process of science and tech- 
nology (S&T) policy formulation. 

As the principal patron of Indicators, the U.S. 
Congress has already begun such an appraisal with the 
publication by its Office of Technology Assessment of 
Federally Funded Research: Decisions for a Decade (OTA- 
SET-490, Washington, DC: May 1991). The report con- 
tains a discussion of the Jndicators volumes and 
adjudges them to be, “the most comprehensive look at 
the research system that is currently available” (p. 236). 
Critiques of the approaches taken in the Indicators vol- 
umes are noted and discussed. The authors further pro- 
pose a variety of new indicators ranging from technology 
measures to fine detail indicators of the flow of research 
proposals and awards to Federal agencies. 


Globalization of Indicators 


The U.S. Indicators volumes, as they evolved during 
the 1970s, served as a model for the rapid growth of 
Indicators-type reports around the world during the 
1980s. Governments have increasingly come to see sci- 
ence and technology policy as a key ingredient in their 
strategies for development and economic competitive- 
ness. As a result, there is a strong movement toward the 
globalization of S&T indicators involving the develop- 
ment of truly comparable measures of S&T functions in 
different countries. The Organisation for Economic 
Cooperation and Development (OECD) has long been a 
forum for the creation of such comparative indicators, 
and now the European Community is moving decisively 
into the creation of data systems for assessment and 


evaluation of science and technology among its 12 mem- 
ber nations. Finally, the rapidly developing economic 
powers of the Asia and Pacific region are making efforts 
to construct comparable measures of their S&T activi- 
ties. A working group of the newly formed Pacific 
Economic Cooperation Council (PECC) is dedicated to 
this activity. 


What Is New in This Volume 


Science & Engineering Indicators — 1991 continues to 
consolidate and work out the changes in structure intro- 
duced in the 1987 edition: 


e In keeping with the policy pre-eminence of school 
science and mathematics education, the chapter on 
this topic has been expanded. Especially important 
are new national data on levels of performance of 
U.S. minority schoolchildren of different ages on 
science and mathematics performance tests. 


e In the higher education chapter, there are new 
materials on time to degree as well as new interna- 
tional comparative data on S&E degrees. 


e The overall picture of financial support of R&D is 
complemented by an exploration of changes in 
inter- and intra-sectoral cooperative R&D linkages. 
In addition, the section presents new information on 
state R&D expenditures. 


e The formerly separate sections on industrial R&D 
and U.S. technology in a global context were com- 
bined for this volume. New analyses have been con- 
ducted on patent data as well as in the area of small 
high-technology business. 


e In keeping with the theme of globalization of indica- 
tors, analyses of public attitudes toward, and public 
knowledge of, science and technology are present- 
ed with comparative data from 15 countries. 
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Overview of U.S. Science and Technology 
SYNOPSIS 


The extraordinary, and continuing, global political and 
economic changes of the past half decade are forcing 
fundamental reassessments of policy in many areas of 
public endeavor. Science and technology (S&T) policy is 
no exception. Patterns of resource allocation—for exam- 
ple, to civilian and military research, to basic and applied 
research and development, etc.—that made sense under 
earlier political and economic conditions now appear 
inappropriate. Because decisionmakers are still groping 
toward new policy formulations, the impact of these 
changes are, by and large, still too recent to be clearly 
reflected in S&T indicators. Nevertheless, some trends 
are apparent; these are outlined below. 


Expenditures for Research and Development 


In the United States the twin engines that powered the 
rapid growth of research and development (R&D) from 
the mid-1970s to the late 1980s have been decelerating— 
the economy has been in a recession, and the evapora- 
tion of the cold war has reduced the urgency for military 
R&D spending. The average annual increase in total U.S. 
R&D expenditures between 1985 and 1991 (in constant 
dollars) was 1.2 percent, compared with an annual 
growth rate of 6.9 percent from 1980 to 1985. The most 
recent estimates on change from 1989 to 1991 also show 
declining R&D expenditures. 

Current estimates for development expenditures exhibit 
the sharpest downturn—a negative trend in constant dol- 
lars since 1988. The estimated trend in applied research, 
too, has been negative since 1989. The Federal 
Government is estimated to have reduced its R&D 
expenditures significantly from 1989 to 1991; estimates 
for U.S. industry R&D expenditures remained level dur- 
ing this period. 

Only expenditures for basic research have continued to 
grow, albeit at a declining rate. The most recent estimate 
is for a 2.7-percent increase from 1990 to 1991. The 
statistics for expenditures for academic R&D also show 
continuing slow growth. 

Internationally, total U.S. R&D expenditures continue 
to exceed those of its four closest industrial competitors 
combined, despite the fact that two of these countries 
(West Germany and Japan) outpace the United States in 
terms of R&D expenditures as a percentage of gross 
national product (GNP). However, as of 1989, these four 
countries together (the two named above plus the 
United Kingdom and France) spent 12 percent more 
than the United States on total nondefense-related R&D 
activities. 


U.S. Technological Innovation 


The United States has seen further slow erosion of its 
shares in global markets for high-technology goods. For 


example, in 1988 the United States supplied 37 percent 
of the world’s high-tech products, slightly down from 40 
percent in 1980. Although the country continues to main- 
tain a trade surplus in high-tech goods, its 1988 balance 
was half the size its 1980 balance. 

A more positive trend in the area of technological 
innovation is the upturn in patenting by U.S. inventors 
between 1983 and 1989. 

Lastly in this area, an incipient trend worth watching 
is a possible tendency for U.S. corporations to spend an 
increasing portion of their corporate R&D funds at facili- 
ties abroad. 


Academic R&D 


Although academic R&D continued to grow during 
the late 1980s, it was at a slower rate than during the 
first half of the decade. Major investments were made 
during the decade in research instrumentation (with 
support coming primarily from Federal agencies) and 
the construction and refurbishment of research facilli- 
ties (supported primarily by the institutions them- 
selves). However, financial problems loom for research 
universities as the recession hits both state budgets 
and the various sources of income for private institu- 
tions, and as pressures mount for lower indirect cost 
reimbursement rates on Federal research grants and 
contracts. 


Science and Engineering Personnel 


The U.S. science and engineering (S&E) workforce 
extended its long growth trend through 1989 at an 
annual rate of approximately 4 percent. Expansion of 
S&E employment continued at a faster rate in nonman- 
ufacturing jobs (primarily in the services sector) than 
in manufacturing jobs. The proportion of S&E jobs 
within the nonmanufacturing sector increased from 1.2 
percent in 1980 to 1.7 percent in 1989; this rise translat- 
ed into a nearly 50-percent increase in S&E job opportu- 
nities in this sector during the decade. The increase in 
the S&E share of manufacturing jobs was also sizable— 
from 3.7 percent in 1980 to 5.1 percent in 1989—despite 
a decrease in total manufacturing jobs. 

Adequacy of the supply of new scientists and engi- 
neers during the 1990s continued to prompt concern, 
especially in light of relatively unfavorable demograph- 
ic factors. Indicators of supply and demand examined 
here suggest relative stability in S&E labor markets 
during the 1990s. lower demographic growth will be 
matched by generally slower economic growth. Within 
this framework, however, it can be expected that rapid 
technological change will almost certainly generate 
spot shortages and surpluses in specific areas. 
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Precollege Science and Mathematics 
Education 


Concerns also continued to be raisec about the quality 
(and quantity) of U.S. science and mathematics educa- 
tion and the attractiveness of S&E careers to U.S. citi- 
zens. In international comparative achievement tests in 
science and mathematics, U.S. boys and girls score 
lower than their peers in many other countries. An 
exploratory study suggests that U.S. grade schoolers 
receive significantly less exposure to mathematics and 
science instruction in early years than do their peers in 
Japan and Taiwan. 


Higher Education for Scientists and Engineers 


Undergraduate S&E degrees continue their long, 
gradual decline as a share of all degrees. Data on the 
plans of freshmen entering college in 1989 and 1990 sug- 
gest, however, that degrees in the natural sciences, engi- 
neering, and computer sciences may be bottoming out 
and might begin to increase in the early 1990s. 

Meanwhile, the proportions of foreign citizens enrolled 
in U.S. natural science, mathematics, computer science, 
and engineering graduate programs and receiving S&E 
doctoral degrees continue to increase apace. In 1990 for- 


U.S. R&D Expenditures in a Global 
Context 


Total research and development (R&D) expenditures of 
the United States continue to exceed those of its four clos- 
est industrial competitors. (See figure O-1.) However, two 
of these countries, West Germany and Japan, continue to 
outpace the United States in terms of R&D expenditures 
as a percentage of gross national product (GNP). (See 
figure 0-2.) Some other small industrial nations such as 
Sweden also outstrip the United States on this measure 
of relative national resources devoted to R&D. 

In terms of economic competitiveness, a longstanding 
trend continued: the United States spent a significantly 
lower proportion of its GNP on nondefense R&D activi- 
ties than did Japan and West Germany. (See figure 0-2.) 
In 1989, Japan, West Germany, the United Kingdom, and 
France together spent 12 percent more than the United 
States on nondefense-related R&D activities. The bulk of 
this increase is attributable to rapid growth in Japanese 
nondefense R&D. (See figure 0-3.) 

R&D spending growth in the United States continued 
to slow. The average annual increase in total U.S. R&D 
expenditures between 1985 and 1991 was estimated at 
1.2 percent in constant dollars. The annual growth rate 
from 1980 to 1985 was 6.9 percent. The sharpest down- 
turn appears in the estimates for development expendi- 
tures—a negative trend, in constant dollars, between 


eign citizens accounted for about one in four graduate 
students in these fields and for one in three doctoral 
degree awards in these fields. 


Public Perceptions of Science and Technology 


As measured in the National Science Foundation’s 
biennial survey of U.S. public perceptions of science and 
technology matters, U.S. adults remain strongly support- 
ive of the scientific enterprise in general and of Federal 
support for basic research in particular—“even if it brings 
no immediate benefits.” The public did, however, express 
increased concern about the use of animals in research. 

U.S. adults exhibited mounting concern about the 
quality of science and mathematics education in U.S. 
schools. There was a significant increase between 1985 
(60 percent) and 1990 (71 percent) in the proportions 
who felt that too little was being spent on education in 
the United States. 

Comparative data from the United States, Canada, and 
the 12 countries of the European Community on public 
knowledge about S&T show strikingly similar degrees of 
knowledge. These new comparative data also indicate 
that Americans and Canadians view science and technol- 
ogy more positively than do Western Europeans. 


Figure O-1. 
R&D expenditures, by country 
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See p. 107\and appendix table 4-26. 
Science & Engineering indicators — 1991 


4 
Figure O-2. 
R&D as a percentage of GNP, by country 
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NOTE: Some data are estimates. 
See p. 108 and appendix tables 4-26 and 4-27. 


1988 and 1991. (See figure O-4.) A similar but less accen- 
tuated trend occurred in applied research expenditures. 
Only expenditures for basic research have continued to 
grow. This growth, though, has been at a declining rate: 
a 2.7-percent increase in basic research spending is 
estimated for 1990 to 1991. Because most academic R&D 


Figure O-3. 
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is basic research, the data also show a continuing slow 
growth of expenditures for academic R&D. 

The decline in R&D growth stems from policy shifts 
in the two major sources of R&D funding—the Federal 
Government and U.S. corporations. Reduced Federal 


Figure O-4. 
U.S. R&D expenditures, by character of work 
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Figure O-5. 
Relative changes in Federal obligations for defense 
and nondefense R&D, by character of work 
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priorities for military R&D between 1985 and 1991 result- 
ed in shrinking support for defense-related development 
work and increases in nondefense basic research. (See 
figure O-5.) Company-funded R&D, responding to the 
general economic slowdown, is estimated to have leveled 
off between 1989 and 1991. (See figure O-6.) 


Scientists and Engineers in the 
Workforce 


The United States continued to lead the world of 
industrial market economies in nonacademic scientists 
and engineers per 10,000 people employed in the labor 
force. (See figure O-7.) The United States also led in the 
proportion of its science and engineering (S&E) labor 
force that is female. 


Figure O-6. 
Expenditures for industrial R&D, by source of funds 
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Figure O-7. 
Nonacademic scientists and engineers per 10,000 
labor force, by country and gender 
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The U.S. S&E workforce in private industry continued a 
long growth trend through 1989 at an annual rate of almost 
4 percent. Expansion of industrial S&E employment con- 
tinued at a faster rate in nonmanufacturing (primarily ser- 
vice) jobs than in manufacturing jobs. (See figure O-8.) 


Figure O-8. 
Growth in science, engineering, and total jobs in 
private industry, by sector: 1980-89 
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The proportion of S&E jobs within the nonmanufacturing 


Figure O-9 sector increased from 1.2 percent in 1980 to 1.7 percent in 
by occupation and sector: 1989 opportunities in this sector during the decade. 


The increase in the S&E share of manufacturing jobs 
was also sizable—from 3.7 percent in 1980 to 5.1 percent 
in 1989, despite the overall decrease in total manufactur- 
ing jobs during the period. (See figure O-8.) 
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Engineers Scientific occupations—such as mathematical and life 
Aasonesticall scientists and computer specialists—and engineering 


astronautical occupations—such as aeronautical/astronautical and 
electrical/electronic—grew at a faster rate than the aver- 
age for all occupations. (See figure O-10.) Employment in 
physical science occupations grew less than 0.5 percent 
annually, while there was negative growth in social sci- 
ence and chemical and industrial engineering jobs. 

A significant shift in the employment of U.S. doctoral 
scientists and engineers from 1977 to 1989 caused an 
increasing proportion of them to be employed in indus- 
j j . ; try and a decreasing proportion to be emploved in col- 
0 50 100 150 200 250 300 leges and universities. (See figure O-11.) 
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The performance of U.S. schoolchildren on mathe- 
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Figure O-11. 


Employed doctoral scientists and engineers, by sector of employment 
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years in the National Assessments of Educational 
Progress. The overall pattern in the two decades showed 
a decline in test scores during the 1970s, followed by 
recovery to the 1969 level by 1990. This pattern holds 
true for 9- and 13-year-old students in both mathematics 
and science. By 1990, 17-year-old students had regained 


Figure O-12. 
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their performance levels of 1973 in mathematics, but in 
science they remained below their achievement level in 
1969. (See figure O-12.) 

Minorities showed greater gains in test scores than 
did whites during the two decades. In science, black and 
Hispanic 9- and 13-year-old students showed gains 
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Figure O-13. 
Time spent on mathematics instruction 
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First grade 
See pp. 21-22. 


between 1970 and 1990, while 17-year-old minority stu- 
dents regained their earlier levels of achievement. In 
mathematics, Hispanic 9- and 13-year-olds made signifi- 
cant gains from 1978 to 1990, while all three age groups 
among blacks made gains during the period. 


Figure O-14. 
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A new international comparative study of factors con- 
tributing to science and mathematics test performance 
sheds some light on findings reported in previous edi- 
tions of Science & Engineering Indicators concerning the 
relatively poor performance of U.S. children on these 
international tests. Comparisons of first and fifth grade 
classroom time dedicated to mathematics in schools in 
Minneapolis, Sendai (Japan), and Taipei (Taiwan) 
showed that, on average, children in the two Asian cities 
spent over twice the amount of time on mathematics in 
the classroom as did Minneapolis children. (See figure 
Q-13.) Other cultural and economic factors may also be 
affecting behavior, but degree of exposure to subject 
matter is an important variable. 


Higher Education in S&E 


A seeming pervasive anomaly in the United States is 
the fact that it has the highest percentage of scientists 
and engineers in its labor force (see figure O-7), as well 
as practically the lowest (less than 20 percent) propor- 
tion among market economy countries of first university 
degrees in S&E fields. (See figure O-14.) The root of the 
situation lies in the magnitude of the U.S. higher educa- 
tion enterprise and the high proportion of young adults 
who participate in it. 

There has been continuing concern over the long-term 
gradual decline in the choice of certain science majors 
by U.S. college students. (See figure O-15.) The growth 
in majors in the computer sciences and mathematics 
during the 1980-89 decade overshadows the decline in 
majors in the core physical and life sciences. However, 
data on the plans of freshmen entering college in 1989 
and 1990 suggest that the level of degrees in the natural 


Figure O-15. 
Annual change in science and engineering 
baccalaureates, by field: 1980-89 
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sciences, engineering, and computer sciences may be 
bottoming out and might begin to increase in the early 
1990s. (See figure O-16.) 

The decline in choice of S&E majors by U.S. under- 
graduate students has been accompanied by a rapid 
increase in the representation of non-U.S. citizens in 
S&E graduate enrollments and among S&E doctorate 
degree recipients. In 1989, about one-quarter of all S&E 
students enrolled in U.S. graduate S&E departments 
were non-U.S. citizens. Foreigners constituted about 
one-third of the graduate students enrolled in the physi- 
cal sciences, mathematics, and engineering. (See figure 
Q-17.) Among 1990 S&E doctorate recipients from U.S. 
universities, the foreign presence was even more 
marked—over one-third were non-U.S. citizens. In engi- 
neering, mathematics, and the computer sciences, the 
majority of Ph.D. degree recipients (over 55 percent) 
were non-US. citizens. 


Research Outputs and Academic 
Research 


The percentage distribution of world scientific publica- 
tions by country shows that U.S.-based authors produce 
slightly over one-third of all publications. (See figure 
Q-18.) This proportion has changed little over the last 
two decades. Japan and Canada have made small and 
possibly significant increases in their shares of world lit- 


Figure O-17. 
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erature. A new tabulation shows the world share of the 
European Community countries to be slightly more than 


one-quarter. 
The bulk of world scientific publications are written in 
universities, and U.S. universities have been able to 


maintain a modicum of growth in their research expendi- 
tures in recent years despite the overall slowdown in 
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Figure O-18. 
Contr iisistions of selected countries/regions 
to world literature 
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research funding. From 1985 to 1991, the annual rate of 
increase of academic R&D expenditures was 6.3 percent, 
but between 1990 and 1991 this rate shrank to 2.9 per- 
cent. (See appendix table 4-3.) 

The past decade has seen a significant decline in the 
share of Federal funds for academic R&D—from roughly 
65 percent in 1980 to close to 55 percent in 1991. (See 
figure O-19.) There have been corresponding percentage 
increases from several non-Federal sources including 
academic institutions themselves, industry, and state and 
local governments. 

Non-Federal sources have also provided the lion's 
share of the decade-long increase in academic invest- 
ments in R&D facilities construction and refurbishment. 
(See figure O-20.) 


Technological Innovation and Global 
Markets 


Patenting is admittedly an imperfect indicator of tech- 
nological innovation, yet it does provide a sense of the 
trends in innovative activities. From about 1978 to 1988, 
foreign-owned patents gradually increased their share of 
total U.S. patents—accounting for nearly half of all 
patents granted in 1988. Between 1988 and 1989, how- 
ever, patents granted to U.S. inventors increased faster 
than did foreign-owned patent grants. (See figure O-21.) 
Japanese-owned patents continued to grow faster than 
those owned by any other industrial nation; Japanese 
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inventors received just over 20 percent of all new U.S. 
patent awards in 1989. 

The strength of Japanese high-technology industry is 
also reflected in data on country shares of global mar- 
kets for high-tech goods. Between 1980 and 1988, Japan 
increased its share of the global high-tech market from 
about 18 percent to nearly 27 percent. The United States 
and the European Community each lost about 4 percent- 
age points of their respective global market shares in the 
same period. (See figure 0-22.) 

Trade balances in high-technology goods provide 
another indicator of economic strength in various areas. 
The overall pattern of trade balances between 1980 and 
1988 mirrors the findings on country shares—the Jap- 
anese have tripled their positive trade balances, while the 
United States and the principal European countries have 
greatly reduced their positive balances. France, in fact, 
showed a negative balance for 1988. (See figure O-23.) 


Public Attitudes on Science and 
Technology 


The U.S. public continues to give overwhelming 
approval to Federal support for basic research, “even if it 
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Figure O-20. 
Federai and non-F::deral capital fund expenditures 
for academic science and engineering 
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Figure O-21. 
U.S. patents granted to foreign inventors, 
by nationality of inventor 
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Figure 0-22. 
Share of global high-tech markets, by country 
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Figure O-23. 
Trade balances for high-tech industries in 
selected countries 


Millions of constant 1980 dollars 


30 
Japan ° 
+ United States P Pg : 
/ 
/ 
20 / 4 
af 
7 
4 
= -~- ae ined 4 
A 
West Germany | 4,- a See 
10 = nt, ae ‘ “> : 
err] =m x 
> 4s \ 
United Kingdom / ‘ 
——_— “ 7 ‘ “sa, \ 4 
- France a on \ ‘se \ 
ae \ “os. 
0} ait, mg 
ee 
_* =, / 
ee italy Z 4 
~~’ 
-19 ha l i i i i L 


1980 1981 1982 1983 1984 1985 1986 1987 1988 


See p. 140 and appendix table 6-8 
Science & Engineering indicators - 1991 


12 Overview of U.S. Science and Technology 


Figure O-24. Figure O-25. 
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Chapter 1. Precollege Science and Mathematics Education 


Precollege Science and Mathematics Education 
HIGHLIGHTS 


Student Achievement 


¢ In both science and mathematics, test scores on 
national assessments showed improvements 
throughout the 1980s. Achievement trends for 9, 13-, 
and 17-year-old students showed a pattern of declining 
proficiency in the 1970s, followed by recovery in the 
1980s. See pp. 17-20. 


e In science, the improvements 17-year-olds made 
in the 1980s did not offset the declines during the 
1970s. In 1990, average student proficiency among 17- 
year-olds remained below that in 1969. Among 9- and 
13-year-olds, recent gains returned performance to lev- 
els students attained two decades ago. See pp. 17-18. 


¢ In mathematics, at ages 9 and 13, average student 
proficiency was somewhat higher in 1990 than in 
1973. Performance by 17-year-olds returned to its ear- 
lier level. See p. 18. 


e White students had consistently higher average 
achievements than their black and Hispanic coun- 
terparts in both science and mathematics. 
However, both minority groups made considerable 
improvements compared to whites. See pp. 17-18. 


¢ The gains in student proficiency that occurred in 
science and mathematics during the 1980s ap- 
peared to be in lower level skills and basic con- 
cepts. Nearly all students were learning basic facts and 
skills, but few showed a capacity for complex reasoning 
and problem-solving. See pp. 17-20. 


¢ North Dakota, Montana, Iowa, Nebraska, and 
Wisconsin were the only states where one-fifth or 
more of eighth grade students demonstrated a 
grasp of mathematics problems involving frac- 
tions, decimals, percents, and simple algebra. 
These states were among the highest scoring states to 
participate in a 1990 state-level assessment. See p. 20. 


e U.S. high school seniors showed an overall weak 
grasp of geography. Males outperformed females by 
a larger margin in geography than in any other sub- 
ject tested. See p. 20. 


e In an assessment of mathematics achievement by 
students in one American and two Asian cities, the 
Americans were at a relative disadvantage in math- 
ematics as early as grade 1. This finding indicates 
that factors at home as well as at school must be respon- 
sible for these differences in achievement. See pp. 21-22. 


Student Interest in Science and Mathematics 


¢ Nearly 30 percent of all grade 7 students ex- 
pressed a preference for a career in science or en- 
gineering, but the percentage of students express- 
ing this interest declined steadily throughout the 
middle and high school years. By grade 12, fewer 
than 1 in 4 male students and only 1 in 10 female stu- 
dents expressed similar interests. See p. 24. 


¢ Of high school seniors scoring above the 90th per- 
centile on the quantitative Scholastic Aptitude Test 
in 1990, about 45 percent expressed an interest 
in majoring in science and engineering in college. 
This finding shows that science and mathematics con- 
tinue to be of considerable interest among top high 
school students. See p. 23. 


Student Coursework 


e Four times as much time was spent on reading 
instruction as was spent on science instruction in 
elementary school. Only half of all third graders 
received science instruction on a regular basis. Twice as 
much time was spent on elementary mathematics 
lessons as on science. See p. 27. 


e Largely as a result of states raising their gradua- 
tion requirements, the number of credits earned 
in science by high school graduates increased dur- 
ing 1982-87. Recent data show that enrollment in 
biology continued to increase, while enrollment in 
chemistry and physics leveled off. See p. 25. 


¢ Mathematics coursetaking continued to increase 
from 1987 to 1990 in algebra, algebra 2, and cal- 
culus. However, fewer than half of all high school grad- 
uates took algebra 2. See pp. 25-26. 


Teachers and Teaching 


¢ In middle schools, science teachers felt less 
qualified to teach their subjects than their col- 
leagues teaching mathematics. Fewer than half of 
all middle school biology teachers and about one-fifth 
of physical science teachers felt they were teaching 
the subject for which they were best qualified. Two- 
thirds of mathematics teachers felt they were teaching 
their best qualified subject. See p. 31. 


e About 40 percent of middle school biology teach- 
ers majored or minored in that subject in college, 
compared with about 30 percent of middle school teach- 
ers of physical science and mathematics. See p. 31. 
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e Less than half of all high school physical science 
teachers felt they were assigned to classes in the 
subject they were best qualified to teach, compared 
with about three-quarters of biology and mathematics 
teachers. See p. 32. 


The Policy Context 


e Educational reforms increasing high school 
graduation requirements have exerted a power- 
ful influence on schooling. A study of six states 


Introduction 


Chapter Focus 


Traditionally, American education has pursued several 
goals: developing intelligent and knowledgeable citizens, 
creating a skilled workforce, and ensuring fairness in 
access to education. Today, our educational system faces 
special challenges in achieving each of these goals. 
Citizens now need a basic understanding of science, for 
example, to make well-informed decisions about a vari- 
ety of public policy areas—questions about health and 
related fields, such as those raised by research into our 
genetic inheritance; concerns about global warming and 
other environmental issues; and choices about explo- 
rations ranging from the atom to near-earth and outer 
space. 

In the past, a relatively small number of highly skilled 
scientists and engineers flowing through the education 
and career “pipeline” were enough to maintain U.S. pre- 
eminence in science and technology. Today, the econo- 
my requires that rank and file workers in many indus- 
tries possess the skills and abilities necessary to operate 
complex equipment and machinery and solve production 
problems as they arise. Today’s production workers no 
longer simply wield tools; they also monitor quality, look 
for problems, repair complex equipment, and plan work 
loads and procedures. Office workers manipulate high- 
technology machines and handle large amounts of infor- 
mation (MSEB 1989, p. 3). 

The requirements of today’s economy make the need 
for fair access to education particularly acute. Both the 
entry-level workforce and the school population are com- 
posed of increasing proportions of women and minori- 
ties, groups that traditionally have not participated at a 
high rate in science and mathematics education and 
occupations. 

White women comprise only 10 percent of all em- 
ployed scientists and engineers, although they account 
for 43 percent of the U.S. population (Task Force 1989). 
Women appear to leave the pipeline by choice. As girls 
progress through the precollege science and mathemat- 
ics curriculum, they differ little from boys in participa- 
tion or achievement until the upper grades, when many 
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found that reforms have led to different course offer- 
ings in science and mathematics, new coursetaking 
patterns, more attention to the knowledge and skills 
addressed by high school exit examinations, and 
adjustments in teacher assignments. See p. 39. 


¢ Implementation of state and local policies to in- 
crease the teaching of higher order thinking and 
analytical skills has been inhibited by lack of 
school resources for staff development and for sci- 
ence laboratory facilities and equipment. See p. 39. 


of them decide to drop out of the higher level courses 
such as physics and calculus. Studies of gender differ- 
ences suggest that most of these decisions are due to 
the accumulated effects of gender role experiences at 
home, in school, and in society (NRC 1989). 

Blacks comprise 12 percent of the population and 
Hispanics 9 percent, but each group represents only 2 
percent of all employed scientists and engineers. By the 
year 2000, one in every three American students will be 
a minority; by 2020, if current trends continue, today’s 
minorities will become the majority of students in the 
United States. Many of these minorities turn away from 
science and mathematics courses early in life, partly 
because most go to large city schools and schools in 
impoverished areas where they receive an inadequate 
basic education, including poor instruction in science 
and mathematics (NRC 1989). 

The schooling experiences of minorities play a sub- 
stantial role in their decision to leave the pipeline. At the 
elementary level, the large majority of schools serving 
disadvantaged students treat only two subjects rigor- 
ously—reading and arithmetic (National Center for Im- 
proving Science Education 1989). Disadvantaged stu- 
dents therefore fall behind more advantaged students 
who are exposed to more rigorous academic subjects 
such as science and mathematics. At the secondary lev- 
el, a large proportion of disadvantaged students decide 
to enroll or are placed in low-ability tracks or remedial 
programs that require few college preparatory courses 
(Oakes 1990a). 

Each of these issues is addressed in the sections that 
follow. 


Chapter Organization 


In response to a request in 1983 by the National Sci- 
ence Board Commission on Precollege Education in 
Mathematics, Science, and Technology, the National 
Science Foundation (NSF) supported a number of 
projects to identify and develop systematic and objec- 
tive indicators of the quality of precollege education in 
the United States. The RAND Corporation developed 
one such set of indicators and the National Academy 
of Sciences/National Research Council (NAS/NRC) 
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developed another (Shavelson et al. 1989 and 1987, 
Raizen and Jones 1985, and Murnane and Raizen 1988). 
These efforts modeled the science and mathematics 
education system in terms of inputs, processes, and 
outcomes. Specifically, the RAND model, for example, 
identifies the following components as the major 
domains of the education system: 


© Outcomes—student achievement, participation, and 
attitudes and aspirations; 


e Processes—school quality, curriculum quality, 
instructional quality, and teaching quality; and 


¢ Inputs—fiscal and other resources, teacher quality, 
and student background. 


The RAND model and others agreed that the primary 
goal of instruction in science and mathematics is student 
learning. The most explicit student outcome, and one 
that can be tied most closely to schooling variables, is 
the knowledge, understanding, and skills gained by stu- 
dents—that is, student achievement in science and math- 
ematics. The input and process variables selected for the 
models were those that have some causal relationship to 
student outcomes. 

In addition, the RAND model recognized that the larg- 
er policy environment in which schooling occurs pro- 
foundly influences education in a variety of ways and 
must be taken into consideration in attempting to explain 
changes in the major components of schooling. Federal, 
state, and local policies largely determine the level and 
type of resources available to education, and these poli- 
cies also influence who is allowed to teach, what content 
is taught, and even how it is taught. 

Overall, this chapter follows the general framework of 
the RAND and NAS/NRC models. It emphasizes student 
outcomes and discussions of the major issues related to 
schools and curricula and teachers. The chapter ends by 
putting these components of the educational system 
model in a policy context. Specifically, it provides an 
overview of national and state-level education reforms 
undertaken recently and their status and success to date. 


Students: Achievement, Interest, and 
Coursework 


At the Education Summit in 1989, the President and 
the governors expressed concern about the country’s 
ability to compete in the global economy and affirmed 
their commitment to equipping all U.S. children with a 
basic understanding of science, mathematics, and other 
subjects. A major result of this summit was the adoption 
of six ambitious education goals to be accomplished by 
the year 2000, three of them relating directly to science 
and mathematics achievement and literacy: 
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e American students will leave grades 4, 8, and 12 
with demonstrated competency in challenging sub- 
ject matter including English, mathematics, sci- 
ence, history, and geography; and every school in 
America will ensure that all students learn to use 
their minds well, so they may be prepared for 
responsible citizenship, further learning, and pro- 
ductive employment in our modern economy. 


e U.S. students will be first in the world in science 
and mathematics achievement. 


e Every American adult will be literate and will pos- 
sess the knowledge and skills necessary to compete 
in a global economy and exercise the rights and 
responsibilities of citizenship. 


National Assessments of Educational 
Progress, 1970-90 


Student achievement is measured by performance on 
national tests in special areas such as science, mathemat- 
ics, and geography. For more than 20 years, the National 
Assessment of Educational Progress (NAEP)—conduct- 
ed by the Education Commission of the States and, later, 
by the Educational Testing Service with the sponsorship 
of the National Center for Education Statistics—has 
been monitoring the educational achievement of 
American students and changes in that achievement 
across time. The results of the NAEP assessments have 
raised national concern about the level of student knowl- 
edge in science and mathematics. The latest NAEP 
results, for 1990, showed that many students appear to 
be graduating from high school with little of the science 
and mathematics knowledge required by the fastest 
growing occupations or for college work. For example, 
approximately half of the students in grade 12 graduat- 
ing from school today appear to have an understanding 
of mathematics that does not extend much beyond multi- 
plication and two-step problems (5th grade level) 
(Mullis et al. 1991b, p. 7). In addition, a series of interna- 
tional studies confirmed the low achievement level of 
U.S. students, showing that U.S. students in 8th grade 
mathematics—and even advanced 12th grade mathemat- 
ics and science students—performed substantially below 
the levels of students in many other advanced countries. 

In 1990, NAEP tested national samples of 9-, 13-, and 
17-year-olds in science and mathematics. The 1990 
results allowed NAEP to perform a 20-year trend analy- 
sis drawing on six assessments in science (1970, 1973, 
1977, 1982, 1986, and 1990) and a 17-year trend analysis 
drawing on five assessments in mathematics (1973, 1978, 
1982, 1986, and 1990). Also, for the first time, eighth grade 
student proficiency in mathematics was assessed in a Trial 
State Assessment Program that included 37 states, the 
District of Columbia, Guam, and the U.S. Virgin Islands 
(Mullis et al. 1991a and 1991b). 
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Science Achievement 


NAEP assessments suggest that science achievement 
levels were about the same in 1990 as they were in 1970. 
Levels of performance in the six assessments varied, 
however, over the 20-year span. Average scores declined 
somewhat in the 1970s and increased in the 1980s. Yet 
among 17-year-olds—unlike 9- and 13-year-olds—science 
performance did not return to the level achieved in 1970. 
(See figure 1-1.) 


Achievement by Minorities. Average science profi- 
ciency among blacks and Hispanics remained far below 
that of white students. However, from 1977 to 1986, the 
difference between minority and white students nar- 
rowed. For example, from 1977 to 1986, the difference 
between black and white 9-year-olds declined from 55 
points to 36 points, from 48 to 38 points for 13-year-olds, 
and from 58 to 45 points for 17-year-olds. In 1990, the dif- 
ference between white and black students remained 
about the same as in 1986. In all three age groups, gains 
by black students during the last 4 years were slightly 
less than those by whites. Among Hispanic students in 
all three age groups, gains in student achievement from 
1986 to 1990 were nearly identical to those of white stu- 
dents. Figure 1-2 shows 1990 science proficiency by the 
three groups. 


Achievement by Females. In 1990, the average sci- 
ence performance of females in all three age groups was 
lower than that of males, continuing a trend tha’ had exist- 
ed since the first assessment in 1970. (See figure 1-3.) The 
difference between males and females in science 
achievement remained about the same over the two 
decades. At age 17, the differences were greater than at 
ages 13 or 9. For 17-year-olds, trends in performance 
were comparable for males and females, with both show- 
ing declines from 1970 to 1982, followed by improve- 
ments from 1982 to 1990. For 13-year-olds, average 
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Figure 1-2. 
U.S. average science proficiency, 
by race/ethnicity: 1990 
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scores of both males and females declined from 1970 to 
1977 and then increased significantly from 1977 to 1990 
to reach levels approximately equal to those in 1970. For 
9-year-olds, the science proficiency of males in 1990 was 
at the same level as in 1970, but significant improve- 
ments for females from 1986 to 1990 raised their profi- 
ciency to a level somewhat higher than in 1970. (See ap- 
pendix table 1-1.) 


Level of Student Proficiency in Science 


The NAEP science scale developed by the Educational 
Testing Service extends from 0 to 500. To aid interpreta- 
tion of the scores, a group of science subject experts 
examined the test questions answered successfully by 
students scoring at each of five different levels. The 
experts described each of the levels in terms of what a 
student knows or can do in science. (See text table 1-1 
and appendix table 1-2.) 


Figure 1-3. 
U.S. average science proficiency, by gender: 1990 
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Text table 1-1. 
Overall science proficiency: 1990 
Age _ 
Level Description 9 13 (17 
~— Percent 
150 Knows everyday science facts.... 97 100 100 
200 Understands simple scientific 
8 a we 76 92 97 
250 Applies basic scientific 
a 31 57 ~=«81 
300 Analyzes scientific procedures 
ee ae aw kn 60h 8 3 11 £443 
350 Integrates specialized 
scientific information........... 0 0 9 
See appendix table 1-2. Science & Engineering Indicators - 1991 


In general, students performed well on questions 
about scientific facts (level 150), particularly if the ques- 
tions involved information likely to be encountered in 
everyday experience. However, performance levels 
decreased as students encountered questions that asked 
them to analyze, evaluate, apply, or otherwise deal with 
more complex and detailed information (Mullis 1991b). 

From 1977 to 1990, increasing percentages of 9- and 
13-year-olds were able to understand simple scientific 
principles (level 200) and apply their scientific knowl- 
edge (level 250). (See appendix table 1-2.) However, 17- 
year-olds made virtually no progress in scientific profi- 
ciency at any level. Fewer females than males were able 
to perform at the highest two proficiency levels, and 
fewer than 1 in 10 17-year-olds demonstrated the highest 
level of science understanding. 

In summary, some progress occurred from 1977 to 
1990 in the percentages of 9- and 13-year-old students 
who performed at or above the three lower levels on the 
proficiency scale. However, 17-year-olds showed little 
progress at any scale level, and their ability to integrate 
specialized scientific information remained low. 


Mathematics Achievement 


Trends in student achievement levels in mathematics 
were similar to trends in science achievement. Declines 
in the 1970s were followed by increases in the 1980s. By 
1990, average mathematics proficiency among 9-year- 
olds was significantly higher than in 1973; among 13- and 
17-year-olds, performance surpassed or returned to earli- 
er levels. (See figure 1-4.) 


Achievement by Minorities. Between 1973 and 
1990, white, black, and Hispanic 9-year-olds all showed 
significant improvement in average mathematics profi- 
ciency, with much of this improvement occurring 
between 1986 and 1990. (See appendix table 1-4.) At age 
13, black and Hispanic students made significant gains 
following 1973, with most of the improvement occurring 
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between 1978 and 1986, while performance of white 13- 
year-old students remained relatively consistent across 
the assessments. Among 17-year-olds, blacks gained sig- 
nificantly, raising their scores about 19 points between 
the first assessment and 1990. Hispanic 17-vear-olds 
made modest gains during the 1980s, while whites com- 
pensated for declines in the 1970s with small gains that 
returned them in 1990 to their original 1973 proficiency 
level. 

Thus, black students made significant progress at all 
ages, Hispanic students improved significantly at ages 9 
and 13, and white students made significant gains at age 
9. Although black and Hispanic students narrowed the 
gap shown in previous mathematics assessments be- 
tween their performance and that of white students, 
these differences remained large in 1990 in all three age 
groups. (See figure 1-5.) 


Figure 1-5. 
U.S. average mathematics proficiency, 
by race/ethnicity: 1990 
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Figure 1-6. 

U.S. average mathematics proficiency, 
by gender: 1990 
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Achievement by Females. Both female and male 9- 
year-olds made significant gains between 1973 and 1990, 
with most of the improvements occurring during the 
1980s. (See appendix table 1-4.) Male and female 9-year- 
old students showed approximately the same level of 
mathematics proficiency in all of the assessments from 
1973 to 1990. Thirteen-year-old males and females also 
showed improvements between 1973 and 1990, but their 
progress was gradual. Virtually no difference separated 
the levels of performance by the two groups in any of the 
assessments. Among 17-year-olds, the performance of 
males improved during the 1980s, but did not return to 
the level of 1973. Trends for females showed the same 
patterns as males, but their gains were somewhat larger 
during the 1980s. As a result, the slight performance gap 
between male and female students at age 17 nearly dis- 
appeared between 1973 and 1990. Furthermore, as 
shown in figure 1-6, the difference in scores between 
males and females at any age group is minimal. 


Level of Student Proficiency in Mathematics 


As in the science NAEP assessments, five levels of 
mathematics proficiency were established, in this case 
by a team of mathematics educators. (See text table 1-2 
and appendix table 1-5.) 

In the 1990 assessment, while the average 9-year-old 
student scored at about the expected level, scores for 
older students averaged substantially lower than the 
expected levels (Mullis, Owen, and Phillips 1990). The 
fact that the average student gained more between ages 
9 and 13 (41 points) than between ages 13 and 17 (34 
points) suggests that the U.S. mathematics curriculum 
facilitates more learning in the lower grades. (See 
appendix table 1-5.) 

Significantly greater percentages of 9-year-olds 
showed proficiency in beginning skills and understand- 
ing and in basic operations and beginning problem-solv- 
ing in 1990 than in previous assessments. (See appendix 
table 1-5.) These improvements in mathematics profi- 
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ciency occurred in all three racial/ethnic groups and 
among both males and females. Gains were especially 
noteworthy among blacks. (See appendix table 1-6.) 

Thirteen-year-olds as a group made significant gains in 
basic operations and beginning problem-solving: three- 
fourths performed at or above this level in 1990 com- 
pared to under two-thirds in 1978. Girls improved their 
proficiency, and by 1990 they performed at about the 
same level as boys. Large gaps in performance still sepa- 
rated whites and minorities in 1990, but minorities had 
made substantial gains. Compared to 1978, 20 percent 
more blacks and 21 percent more Hispanics were 
demonstrating proficiency in 1990 with basic operations 
and beginning problem-solving. 

Of 17-year-olds in 1990, almost all (96 percent) were 
able to solve exercises involving basic operations and 
beginning problem-solving. This performance repre- 
sented a significant improvement from 1978, when only 
92 percent reached this level. Also, 56 percent of the 17- 
year-olds demonstrated a grasp of moderately complex 
procedures and reasoning, compared to 52 percent in 
1978. Minority gains at this proficiency level were pro- 
nounced. Hispanics who demonstrated proficiency with 
moderately complex procedures increased from 23 per- 
cent in 1978 to 30 percent in 1990. The percentage of 
blacks virtually doubled—from 17 percent in 1978 to 33 
percent in 1990. However, no group showed improve- 
ment in proficiency with multi-step problem-solving and 
algebra. 

NAEP analysts found several encouraging aspects to 
the 1990 mathematics assessment findings. First, virtually 
all students showed gains in basic mathematics under- 
standing, a result that was maintained and even improved 
slightly across the assessments. Second, all three ages 
showed significant increases in the percentages reaching 
the middle levels on the scale. Third, this phenomenon 
was most clearly evident in the trend results for black and 


Text table 1-2. 
Overall mathematics proficiency: 1990 


Age 
Level Description 9 13 (17 
Percent 
150 Simple arithmetic facts ......... 99 100 100 
200 Beginning skills and 
understandings............... 82 99 100 
250 Basic operations and beginning 
problem-solving .............. 28 75 
300 Moderately complex procedures 
oo , 1 17 = 56 
350 Multi-step problem-solving and 
PPT TTT Pre rere 0 0 7 
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Hispanic students at all ages. Finally, the trends by gen- 
der showed systematic and generally equivalent rates of 
progress, with females narrowing the gap that existed at 
age 17 and at the higher scale levels. 

On the other hand, concerns continue because few 
students demonstrated proficiency at the highest level 
and because trends across time show no increase in the 
percentage of students learning more advanced material 
(Mullis et al. 1991b, p. 102). 


State-Level Student Achievement. As part of the 
1990 NAEP, states and territories could, on a voluntary 
basis, participate in the mathematics assessment of 
eighth graders.' The 1990 Trial State Assessment 
Program results showed that eighth grade students in 11 
states scored an average of 270 points or higher. (See 
appendix table 1-7.) Eighth grade students in North 
Dakota attained the highest average score of 281, but 
North Dakota, Montana, lowa, Nebraska, Minnesota, 
and Wisconsin had similar overall average proficiency. 
These six states also were the only ones where one-fifth 
or more of their eighth grade students demonstrated a 
grasp of problems involving fractions, decimals, per- 
cents, and simple algebra (level 300). Other states with 
relatively high average proficiency scores were New 
Hampshire, Idaho, Wyoming, Oregon, and Connecticut. 

Considerable differences in overall average mathemat- 
ics proficiency separated eighth grade students in the 
higher performing states from those in the lower scoring 
states. The higher performing states tended to have 
fewer students in cities with large populations, fewer stu- 
dents in free lunch programs, smaller percentages of 
black and Hispanic students, smaller percentages of stu- 
dents with both parents at home, and smaller percent- 
ages of students watching 6 or more hours of television 
each day. Higher performing states also tended to be in 
relatively less densely populated areas. The lower per- 
forming states tended to be in the Southeast. 


Geography Achievement 


As previously indicated, a national education goal iden- 
tified by the President and the Nation’s governors is 
demonstrated student competence and understanding in 
geography. In 1988, the NAEP Center of the Educational 
Testing Service tested high school seniors on their know- 
ledge of four areas of proficiency in geography—location 
and place, skilis and tools, cultural geography, and physi- 
cal geography.’ The assessment results showed that, 
overall, U.S. high school seniors had a weak grasp of 
geography. 

Students were most proficient in locating major coun- 
tries. For example, 87 percent could identify Canada on a 


‘Altogether, 37 states, the District of Columbia, Guam, and the U.S. 
Virgin Islands participated in the mathematics assessment. 

“The 1988 geography assessment (Allen et al. 1990) was based on a 
national probability sample of more than 300 public and private 
schools across the United States. 
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world map; 87 percent also knew where the Soviet Union 
was located. But when they were asked to dentify cities 
and land features, only 58 percent could locate Jeru- 
salem on a regional map, and just 36 percent knew that 
Saudi Arabia borders on the Persian Gulf and the Red 
Sea. (Note that this study was conducied before the Gulf 
War.) 

Students also did not do well on questions testing geo- 
graphy skills and tools. For example, when shown a dot 
map of population distributions in Europe, India, China, 
and Japan, almost one-quarter of the test-takers indicated 
that the map represented abundance of mineral deposits; 
only one-half recognized that the map represented popu- 
lation concentrations. 

Students performed relatively well on questions involv- 
ing cultural geography, particularly when the questions 
related to events and locations featured in the news. Thus, 
79 percent appeared to understand the primary way to 
control acid rain, and 69 percent identified a risk to the 
environment resulting from the use of pesticides. Scores 
declined, however, when questions probed for more 
indepth understanding. Only 59 percent recognized the 
consequences of cutting down the rain forests, and only 
53 percent identified a cause of the greenhouse effect. 

Finally, in terms of physical geography (climate, 
weather, tectonics, and erosion), most students could 
recognize major features, but a surprisingly large minor- 
ity could not. For example, only about two-thirds of the 
students knew the cause of the Earth’s seasons, and just 
three-fifths recognized evidence of faulting in a cross- 
sectional drawing depicting a sharp fracture in the 
Earth’s crust. 


Achievement by Females and Minorities. Signifi- 
cant disparities in geography proficiency existed be- 
tween white students and their black and Hispanic coun- 
terparts. Whites scored an average of 43 points above 
blacks and almost 30 points above Hispanics. The aver- 
age performance of 12th grade males was about 16 
points higher than that of their female classmates (Allen 
et al. 1990). Of the subject matter performance assess- 
ments conducted by NAEP in 1986 to 1988, the largest 
gap between average performance of males and females 
was in geography.’ 


Geography Coursework. As part of the 1988 geogra- 
phy assessment, students were asked to report on their 
geography coursetaking and the extent to which they 
had studied in class the topics covered in the assessment. 
The information received suggested two conclusions: 


¢ Overall, geography was not emphasized in U.S. 
high schools. 


e As the amount of time devoted to the study of spe- 
cific topics increased, student performance in these 
topic areas also rose (Allen et al. 19990). 


‘National assessments were conducted during 1986-88 in reading, 
mathematics, science, U.S. history, civics, and geography. 
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The first conclusion is borne out by an analysis of high 
school transcripts (Westat 1988). Analysis showed that 
only 16.5 percent of all high school graduates had earned 
at least 0.5 credits in geography in 1987, approximately 
the same percentage of graduates as in 1982. Also, in a 
survey conducted in 1988, only nine states reported that 
they required students to take a geography course before 
they graduated from high school (CCSSO 1988). 


international Context of Achievement 


International comparisons of science and mathematics 
achievement have consistently found that students in 
Japan, Korea, and Hong Kong scored far above U.S. stu- 
dents in middle school or high school (McKnight et al. 
1989 and Lapointe, Mead, and Phillips 1989). Studies 
examined differences in school coverage of the test top- 
ics and found that Asian countries covered more of these 
subjects in school than did the United States. However, 
not all of the differences in student performance could 
be attributed simply to classroom coverage of test topics. 
Other factors were also found to be important, as 
described below. 

A recent study assessed children’s mathematics 
achievement in the first and fifth grades in three large 
metropolitan areas: Sendai, Japan; Taipei, Taiwan; and 
Minneapolis, Minnesota.‘ The researchers tested stu- 
dents’ cognitive abilities, observed them and their teach- 
ers in classrooms, and interviewed the children and their 
mothers and teachers. 

The researchers examined the children’s achievement 
in relation to three major factors: their intelligence, their 
experiences in school, and their experiences at home. 
Based on a battery of cognitive tests, the researchers 
found no evidence that children in the two Asian cities 
were more intelligent than those in Minneapolis. They 
did find, however, that Minneapolis children were at a 
relative disadvantage in mathematics as early as the first 
grade. Because these differences in performance 
appeared so early in children’s schooling, researchers 
concluded that factors at home as well as at school must 
be responsible for them. Upon further analysis of the 
study results, the researchers identified several factors 
that appeared to underlie the relatively poor mathemat- 
ics performance of Minneapolis children; these are 
described below. 


Time Devoted to Academic Activities. There were 
significant differences in the amounts of time given to 


'This study was conducted with 1,440 students attending elementary 
schools in the three cities (240 first graders and 240 fifth graders in 
each city). The children were selected from 20 classrooms at each 
grade in each city and constituted a representative sample of children 
from these classrooms. In a followup study, first graders were studied 
again when they were in the fifth grade. The children were tested with 
achievement tests in mathematics and reading constructed specifically 
for this study, the children and their mothers were interviewed, the 
children’s teachers filled out a questionnaire, and interviews were held 
with the principals. In the followup study, achievement tests were 
administered, and the children and their mothers were interviewed. 
For more information, see Stevenson and Shin-Ying (1990). 
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academic activities in classrooms in the two Asian cities 
and in Minneapolis. The percentage of time so devoted 
in Minneapolis classrooms was 64 percent, compared 
with 87 percent in Sendai classrooms and 92 percent in 
those in Taipei. Minneapolis fifth graders averaged 20 
hours a week on classroom academic activities; fifth 
graders in the two Asian cities spent 33 and 40 hours, 
respectively, on such activities. 

In Minneapolis classrooms, more of this academic 
time was dedicated to reading and language arts than to 
mathematics.’ In the first grade, 2.7 hours were spent on 
mathematics instruction in Minneapolis compared to 4.0 
hours in Taipei and 5.8 hours in Sendai classrooms. In 
the fifth grade, 3.4 hours of mathematics were taught in 
Minneapolis classrooms compared with 11.7 hours in 
Taipei and 7.8 hours in Sendai. Thus, on average, chil- 
dren in the two Asian cities spent over twice the amount 
of time on mathematics in the classroom as did Minne- 
apolis children. (See figure O-13 in Overview.) 


Mothers’ Goals and Standards for Academic 
Achievement. Unlike the mothers surveyed in the two 
Asian cities, Minneapolis mothers—although interested 
in their children’s education—were less prone to require 
their children to demonstrate high levels of academic 
achievement. Minneapolis mothers generally became 
dissatisfied only when their children’s school perfor- 
mance was well below average. On the other hand, aca- 
demic performance dominated the attention of mothers 
in the two Asian sites, although they focused their con- 
cerns on different aspects of achievement. Sendai moth- 
ers, recognizing that grades have little relevance in 
Japan in gaining admission to prestigious schools, were 
most concerned that their children learn the information 
necessary to pass entrance examinations. For their part, 
mothers in Taipei viewed high grades as the primary 
measure of success in elementary school. 


Children’s Perceptions of Their Own School 
Achievement. In self-ratings of how well they were 
doing in their mathematics schoolwork, Minneapolis 
children tended to give themselves the highest ratings, 
but they actually did less well on achievement tests of 
mathematics ability than the children in Taipei and 
Sendai. In ratings of their mathematics achievement in 
school, Sendai and Taipei fifth graders tended to rate 
themselves as near average, while Minneapolis fifth 
graders gave themselves the highest ratings. 

In this regard, some of the strongest correlations ob- 
tained in the study were between the children’s ratings 
of how good they thought they were in a subject and 
how much they liked the subject. Children clearly liked 
the subjects in which they thought they were doing well 
and disliked the subjects in which they thought they 


‘These same priorities are favored by American parents who may 
not appreciate the importance of mathematics in their children’s later 
education and work. In interviews, American mothers cited reading as 
the subject that should receive increased emphasis in school. 


were doing poorly. Why did the children in Minneapolis 
like mathematics and believe that they were good at it? 
The researchers concluded that the answer seemed to 
be that the mathematics curriculum in Minneapolis 
schools was easier than those of the two Asian cities. 
Analyses of mathematics textbooks used in the three 
cities seemed to support this conclusion. For example, 
mathematics concepts tended to be introduced some- 
what earlier in Sendai than in Minneapolis schools. 


Roles of Mothers. The researchers gained the im- 
pression that Minneapolis mothers were dedicated to 
their children’s development during their preschool 
years but that they abdicated some of their responsibili- 
ties to the teacher once the children entered school. 
This tendency was the opposite of what occurred in 
homes in the two Asian cities. In all three cultures, the 
preschool years were a time of freedom and indulgence, 
and there was no great concern about the child’s learn- 
ing academic skills. But from the time that the child 
entered school in Taipei and Sendai, the child, the moth- 
er, and the teachers began the serious task of education. 
The more years the child was in school, the stronger the 
emphasis on academic activities became. On the other 
hand, for the children in Minneapolis, the transition into 
elementary school was less notable—from the time that 
they entered school, their lives were not encumbered by 
strong demands for academic excellence or homework, 
and there was little increase in demands during the 6 
years of elementary school. 


Ability Versus Effort in Student Accomplishment. 
Minneapolis mothers identified individual ability as one 
of the most important factors in academic performance. In 
contrast, mothers in the two Asian cities emphasized 
effort over ability in academic achievement. In other 
words, parents of schoolchildren in Minneapolis held that 
children of high ability need not work hard to achieve and 
that children of low ability would not achieve regardless of 
how hard they worked. The Asian parents, on the other 
hand, considered effort and self-discipline essential to 
accomplishment.® The researchers concluded that when 
parents believed that success in school depended more on 
ability than hard work, they were less likely to foster par- 
ticipation in activities related to academic achievement, 
i.e., requiring that their children spend time on homework 
and participate in after-school scholastic activities. 

Not surprisingly, the children in the two Asian sites 
spent considerably more time on homework at both the 
first and fifth grade levels than the Minneapolis 
schoolchildren (Stevenson et al. 1990). According to esti- 
mates made by mothers of the schoolchildren, Sendai 


*The researchers found no evidence in schools in Japan and Taiwan 
of grouping of students within grades according to levei of ability nor 
were there special education teachers or special classes for slow learn- 
ers. The researchers concluded that the Asian teachers sincerely 
believed that all children at the elementary level were capable of mas- 
tering the curriculum and that academic success was within the grasp 
of all children if they applied themselves to their schoolwork 
(Stevenson et al. 1990). 
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first graders spent more than 4 times as much time 
doing homework as first graders in Minneapolis; chil- 
dren in Taipei spent 10 times as much as the Min- 
neapolis children. At the fifth grade level, Sendai chil- 
dren still spent over 50 percent more time and Taipei 
children spent over 336 percent more time than did their 
Minneapolis counterparts. (See figure 1-7.) 


Top Mathematics Test Scorers 


Although overall trends in science and mathematics 
interests and coursetaking are useful, the science and 
engineering (S&E) preferences of talented high school 
students are particularly significant because these individ- 
uals represent a major source of future scientists and engi- 
neers. This section examines data on the proportion of 
top-scoring high school seniors (i.e., those scoring above 
the 90th percentile on the quantitative Scholastic Aptitude 
Test—SAT) who intend to pursue a college major in sci- 
ence, mathematics, or engineering. Although many high 
school seniors change their major field of study after they 
enter college, the SAT data serve as an approximation of 
how well the S&E professions are attracting high school 
seniors (Grandy 1990a, p. 4). Generally, the decision not 
to major in an S&E field means that students will not con- 
tinue to acquire the skills necessary to move into these 
fields at a later time. 

Of high school seniors who scored above the 90th per- 
centile on the SAT quantitative exam in 1990, about 46 
percent intended to major in S&E fields in college. (See 
figure 1-8.) By gender, 55 percent of all top-scoring 
males and 38 percent of top-scoring females planned to 
pursue an S&E major. Engineering was the S&E field 
selected by the largest proportion of top-scoring stu- 
dents regardless of gender, accounting for one-fifth of 
the total. 


Figure 1-7. 
Mothers’ estimates of time spent by their children 
on homework 
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SOURCE: H.W. Stevenson and L. Shin-Ying, Contexts of Achieve- 


ment, Monographs of the Society for Research in Child Development, 
Serial No. 221, Vol. 55, Nos. 1-2 (1990). 
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Figure 1-8. 
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intended majors of high school seniors scoring above the 90th percentile on the mathematics SAT: 1990 


Premedicine — 
7% 


Other/undecided — 
19% 


See appendix table 1-8. 


Overall, the proportion of top-scoring students intend- 
ing to major in S&E fields increased by 6 percentage 
points from 1977 to 1990. (See appendix table 1-8.) From 
1977 to 1987, interest in an engineering major increased, 
rising from 14 to 23 percent. Concurrently, interest in 
majoring in science fields declined until 1986, from 27 to 
23 percent. Beginning in 1986, however, these trends 
began to reverse: interest in science and mathematics 
grew while interest in engineering dropped slightly. A 
precipitous drop occurred in the number intending to 
major in the computer sciences; interest in this field 
declined from a peak of 10 percent in 1983 to 3 percent 
in 1990.(See figure 1-9.) In non-S&EF fields, business 
grew the most significantly, from 7 percent in 1977 to 15 
percent in 1989. 

Over these years, fewer top-scoring examinees indi- 
cated that they were undecided about their major field. 
In 1977, more than one-third of these students said that 
they were undecided about their college major, com- 
pared with 29 percent in 1984, and 19 percent in 1990. 
Thus, the growth in interest in some fields reflects a 
greater tendency for students to choose a field at all. 

Disaggregating the data by gender and racial/ethnic 
group reveals that over this period groups traditionally 
underrepresented in engineering were showing increas- 
ing interest in this field. (See appendix tables 1-9, 1-10, 
1-11, and 1-12.) For example, the proportion of top-scor- 
ing black females intending to major in engineering dou- 
bled from 7 percent in 1977 to 14 percent in 1990. 
Similarly, black males interested in an engineering major 
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Figure 1-9. 

Trends in intended majors of high school seniors 
scoring in the 90th percentile on the mathematics 
SAT 
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increased from 21 to 34 percent over the same period. 
The comparable portion of white females rose from 5 
percent in 1977 to 9 percent in 1990. 
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S&E Interests of Secondary School Students 


Why do some American secondary students develop a 
preference for a career in science, mathematics, or engi- 
neering (SME) and pursue courses toward that objec- 
tive? The Longitudinal Study of American Youth (LSAY) 
was launched in response to this question, to determine 
the relative contributions of family, peers, teachers, 
classroom experiences, and school climate in shaping 
student preferences.’ 

Each semester, students were asked to list the two 
occupations they thought they would most likely be pur- 
suing at age 40. Students who chose scientist, mathe- 
matician, engineer, or a graduate-educated medical pro- 
fessional as their first or second choice were classified as 
having a preference for an SME career. 

Nearly 30 percent of seventh grade students—33 per- 
cent of males and 25 percent of females—expressed a 
preference for an SME career, but these percentages 
declined steadily throughout the remaining middle school 
and high school years. (See figure 1-10.) Moreover, the 
percentage of female students expressing a preference for 
an SME career declined at a faster rate than that for male 
students. By the 12th grade, fewer than 1 in 4 male stu- 


‘LSAY was a national probability sample of 6,000 students in 50 mid- 
dle schools and 50 high schools. Students were followed in each year of 
their middle school and high school years and were administered sci- 
ence and mathematics achievement tests each fall. Questionnaires were 
filled out by each student in the sample to obtain course evaluation and 
attitudinal data. In addition, approximately 1,000 teacher reports were 
collected each year on all science and mathematics courses taken by 
students in the sample, and telephone interviews were conducted each 
spring to obtain family background information on each LSAY student. 
LSAY was conducted at the Public Opinion Laboratory from fall 1987 to 
fall 1990. 


Figure 1-10. 
High school student preferences for careers in 
science, mathematics, or engineering: 1987-90 
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SOURCE: J.D. Miller, et al., Student Expectations of Careers in 
Science, Mathematics, or Some Models from the Longi- 
tudinal Study of American Youth, draft report to the LSAY National 
Advisory Committee (DeKalb, IL: Northern Illinois University, 1990). 
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dents and only about 1 in 10 female students expressed an 
interest in an SME career (Miller et al. 1990). 

The LSAY researchers found that the selection of an 
SME career in secondary school was a complex decision 
reflecting a wide array of influences, including 


© Parent encouragement and pressure to achieve aca- 
demically, to go to college, and to do well in mathe- 
matics; 


© Parental resources, which reflect the level of parent 
education, availability of home learning resources, 
and employment of either parent in science or engi- 
neering; 

© Student gender; and 


© Persistence in mathematics—during high school in par- 
ticular, persistence in advanced mathematics became 
a major predictor of SME career expectations. 


The relative impact of these influences changed over 
time. For example, during the middle school years, stu- 
dents were uncertain about longer term career choices, 
and the expectation of an SME career was weakly associ- 
ated with parent encouragement and parental resources. 

In high school, as more students began to arrive at 
firmer conclusions about their career choices, parent 
encouragement, student gender, and persistence in 
mathematics all became increasingly important predic- 
tors of an expected career in SME. By grade 10, the 
influence of parent encouragement was evidenced by an 
increased likelihood of higher grades in science and 
mathematics courses and persistence in advanced math- 
ematics courses. Students with higher levels of parental 
resources were significantly more likely to enroll in 
advanced mathematics courses, to participate in informal 
science education, and to earn higher grades in science 
courses. 

Parent encouragement was especially important in the 
formulation of career expectations of high school girls. 
This result suggested that among families with higher 
levels of resources, males might tend to see an SME 
career as a natural and reasonable choice, but females 
needed more encouragement to choose a career in a tra- 
ditionally male-dominated field. 


Course Enrollment in Secondary Schools 


Recent research demonstrates the critical role that en- 
rollment in particular courses in high school has on col- 
lege attendance and completion rates among students, 
including minority and poor students. Accordingly, 
increased course requirements in a core of academic sub- 
jects was a central theme of educational reforms in the 
1980s. However, a report that reviewed the coursetaking 
patterns of students between 1982 and 1987 concluded 
that while some states succeeded overall in strengthen- 
ing their core high school curriculum, “the coursetaking 
requirements leave room for improvement in closing the 
gap among subgroups at all levels and in reducing differ- 
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ences that re-uit from disparate social and economic 
backgrounds” (ETS 1989, p. 17). 


Enroliment Trends Over Time. Over the 25 years 
between 1965 and 1990, course enrollments in high 
school science and mathematics increased significantly 
following an initial decline. These trends reflected two 
distinct periods in American education. From the late 
1960s until the late 1970s, the high school curriculum 
was undergoing increasing liberalization, resulting in a 
system in which students gained greater choice about 
what they studied. Subsequently, for several years after 
the late 1970s, high schools continued to offer a wide 
variety of courses, but students began to concentrate 
their coursetaking in more traditional academic courses. 
More substantial growth in academic coursetaking 
occurred after the early 1980s, when the states and local 
education agencies increased their graduation require- 
ments to encourage achievement of academic excellence 
(Tuma et al. 1989). 

As a result of these trends, the number of credits 
earned in science and mathematics was higher in 1987 
than in 1969. (See text table 1-3.) The courses contribut- 
ing most heavily to this increase were generally more 
advanced and core courses.” For example, in science, biol- 
ogy and chemistry had the most significant increases in 
credits earned. By 1987, nine-tenths of all high school 
graduates had taken a course in biology, and just under 
half (45 percent) had taken chemistry. Physics enrollment 
also increased, albeit not so dramatically: by 1987, one in 
five students took physics. (See figure 1-11.) In mathemat- 
ics, the courses showing the greatest increases in credits 
earned between 1982 and 1987 were geometry and alge- 
bra 2. (See figure 1-12.) 


“These data were drawn from a national sample of transcripts from 
four studies of high school students: the Educational Testing Service's 
Study of Academic Prediction and Growth (1969), the National 
Longitudinal Survey of Labor Force Experience—Youth Cohort (1975- 
78 and 1979-82), High School and Beyond (1982), and the NAEP tran- 
script study (1987). 


Text table 1-3. 
Average number of course credits earned by high 
school graduates in science and mathematics 


WG doch denuaceees 2.23 2.47 
ED cc tccscvices 2.26 2.35 
DEED eo cbeeecveces 2.18 2 44 
SEs bcc wocedareces 2.17 2.55 
Gc tedventesgeasoe 2.51 3.02 


SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachiander, and 
L. Horn, Course Enroliment Patterrs in Public Secondary Schools, 
1969 to 1987 (Berkeley, CA: MPR Associates, inc., 1989). 
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Figure 1-11. 
High school 1982 and 1987 graduates who earned 
science course credit 
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In the 1990 NAEP science assessment, general sci- 
ence and biology were the only courses reported by a 
majority of 17-year-olds as having been studied for at 
least 1 year. (See appendix table 1-13.) Only 1 in 10 of 
the students reported taking physics for a year or more. 


Figure 1-12. 
High school 1982 and 1987 graduates who earned 
mathematics course credit 
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SOURCE: Westat, inc., Tabulations: Nation At Risk Update Study as 
Part of the 1987 High School Transcript Study (Rockville, MD: 1988). 
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Compared with 1982, significantly higher percentages of 
students reported having studied physical science, earth 
and space sciences, biology, and chemistry, with the 
largest increases occurring in chemistry and biology. 
The national trends were similar for both males and 
females and for white, black, and Hispanic students. 

In mathematics, the NAEP assessment showed that 
higher percentages of 17-year-old students took upper- 
level courses such as algebra 2 in 1990 than in 1978. 
(See appendix table 1-14.) Thus, in 1990, more students 
completed the sequence of algebra 1, geometry, and 
algebra 2 than in 1978. Only relatively small numbers of 
17-year-old students—6 percent in 1978, 8 percent in 
1990—reported having taken precalculus or calculus. 


State-Level Enroliment. A study conducted in the 
1989/90 school year by the Council of Chief State School 
Officers (CCSSO) indicated that secondary enrollment 
in biology had increased, while enrollment in chemistry 
and physics had essentially leveled off. The CCSSO 
study also found substantial differences in enrollment in 
secondary science courses among the states.’ Chem- 
istry, considered a gatekeeping course for continuing 
studies in science fields, ranged in enrollments from 26 
percent (Idaho) to 62 percent (Connecticut). (See 
appendix table 1-15.) Eighteen of thirty-eight states had 
higher rates of enrollment in chemistry than the national 
average (45 percent). In first year physics, the state per- 
centages varied from 10 percent in Oklahoma to 36 per- 
cent in Connecticut. 

In mathematics, the CCSSO data also showed small 
continuing increases in three levels. By 1989/90, the 
estimated percentage of students taking algebra 1 had 
increased to 81 percent, algebra 2 increased to 49 per- 
cent, and enrollment in calculus classes increased to 9 
percent. (See appendix table 1-16.) One of the important 
findings from the CCSSO study is the relatively small 
proportion of high school graduates—fewer than one- 
half—who took algebra 2. The state percentages of high 
school graduates who took algebra 2 varied from 29 per- 
cent in Wyoming to 65 percent in Montana. 


Enroliment by Females. Differences by gender in 
enrollments in both science and mathematics decreased 
over time. (See appendix tables 1-17 and 1-18.) In mathe- 
matics, males earned an average of 0.5 credits more than 
females in 1969, but by 1987 this difference had nar- 
rowed to 0.09 credits. Only slight differences separate 
males and females in the number of science credits 
earned. However, coursetaking patterns differ by gen- 
der. For example, in 1987, females tended to earn more 
credits in biology, and males tended to earn more credits 
in physics. 


Enroliment by Minorities. Asian students earned 
consistently more science and mathematics credits than 
any other racial/ethnic group, especially in chemistry 
and physics. (See figures 1-13 and 1-14.) Whites also 


*Data on course enrollment were reported by 38 states. 
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Figure 1-13. 
High school 1987 graduates who earned science 
course credit, by race/ethnicity 
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SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachiander, and 
L. Horn, Course Enroliment Patterns in Public Secondary Schools, 
1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989) 
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tended to earn more science credits than black or 
Hispanic students. Racial/ethnic differences were not so 
pronounced in biology. (See appendix table 1-17.) 

In mathematics, the more advanced the course, the 
more pronounced the difference in the number of credits 
earned by Asian students compared with other 
racial/ethnic groups. Between 1982 and 1987, the largest 
increases in the number of mathematics credits earned 
by Asians were in calculus and algebra. White students 
showed large increases in geometry; blacks, in geometry 
and algebra; and Hispanic students showed large 
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SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachiander, and 
L. Horn, Course Enroliment Patterns in Public Secondary Schools, 
1969 to 1987 (Berkeley, CA: MPR Associates, inc., 1989). 
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increases in the number of basic mathematics, algebra, 
and geometry course credits earned. (See appendix table 
1-18.) 


School and Curriculum 


This section examines factors that shape how students 
are taught—for example, how often they study a subject, 
how long they spend during these sessions, what activi- 
ties predominate during the classes, and what “track” 
they are in. Beginning in grade 8, U.S. students are usu- 
ally tracked into one of four kinds of mathematics 
classes (remedial, general, enriched, advanced), and stu- 
dents’ achievement typically depends directly on the top- 
ics covered in these classes (Hafner and Horn in press, 
p. 48). In particular, this section emphasizes how track- 
ing and related factors affect opportunities and access for 
groups underrepresented in science and mathematics. 


Classroom Activities 


As part of the 1990 NAEP assessments, 9-year-old stu- 
dents were asked about their participation in several sci- 
ence activities in the classroom. These inquiries reflect- 
ed research indicating that students learn science more 
effectively when they use scientific instruments and 
materials. According to the research, students are likely 
to begin to understand the natural world if they work 
directly with natural phenomena, using their senses to 
observe and using instruments to extend the power of 
their senses. The NAEP assessments also asked 17-vear- 
old students about their classroom experience in mathe- 
matics. These questions reflected efforts to focus on 
mathematical problem-solving and logical/reasoning 
skills, learning to communicate mathematically, and 
making connections between the mathematics students 
study and its applications in other disciplines and activi- 
ties (Mullis et al. 1991b). 

The 1990 assessment showed a larger percentage of 9- 
year-olds using several types of scientific instruments 
(microscopes, calculators, and thermometers) than in 
1977. However, the percentage who had done experi- 
ments with living plants decreased significantly, and the 
percentage of students who had used a scale or done 
experiments with batteries did not change significantly. 

In mathematics, an attempt was made to find out the 
proportion of 17-year-olds who were engaged in active 
mathematics learning (for example, participating in dis- 
cussions and making reports or completing projects), 
rather than passive activities (such as listening to the 
teacher and watching him or her do problems on the 
board). The results, termed “disappointing” by the NAEP 
researchers, showed that activities generally considered 
more student-centered remained far less prevalent than 
listening to teacher explanations, watching the teacher 
work problems, or taking tests. (See appendix table 1-19.) 
For example, most students reported that they “often” lis- 
tened to a teacher explain a mathematics lesson, watched 
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a teacher work mathematics problems on the board, and 
took mathematics tests, while only a small fraction of 
them reported that they often made reports or did proj- 
ects in mathematics (Mullis et al. 1991b). 

The NAEP results agreed with earlier surveys. When 
elementary and middle school teachers were asked in a 
1985-86 survey to indicate what took place during their 
most recent science and mathematics classes, responses 
indicated that most of the lessons included lecture and 
discussion (Weiss 1987). Use of hands-on activities was 
far less frequent and became less so the higher the 
grade level. Particularly in science, use of hands-on activ- 
ities was much more common in elementary science 
than in middle school classrooms. 

In the National Education Longitudinal Study of 1988 
(NELS:88),'° 59 percent of the eighth grade students 
were in science classes where their teachers said that 
experiments were conducted at least once a week; 41 
percent attended classes where teachers said that exper- 
iments were seldom conducted. (See appendix table 
1-20.) 

Other studies have examined how long classroom 
lessons tend to last and how much time teachers spend 
in total on a subject during a week. In the 1985-86 
National Survey of Science and Mathematics Education, 
elementary teachers were asked to indicate the approxi- 
mate number of minutes typically spent teaching sci- 
ence, mathematics, social studies, and reading. Only 
one-half of all third graders had science lessons on a fre- 
quent basis, and for those who did, teachers reported 
devoting an average of only 18 minutes a day to science 
instruction. These teachers spent twice as much time on 
mathematics instruction and four times as much on read- 
ing instruction. In grades 4-6, an average of 29 minutes 
per day was spent on science lessons, compared with 52 
minutes on mathematics and 63 minutes on reading. 

In the 1987/88 Schools and Staffing Survey (SASS), 
elementary teachers were asked how much time they 
spent per week teaching four core subjects—science, 
mathematics, social studies/history, and English/lan- 
guage arts. State-by-state data showed that the class time 
spent on science in grades 1-3 varied from 1.3 hours per 
week in Rhode Island to 3.5 hours in Texas and, in 
grades 4-6, from 2.2 hours per week in Utah to 4.1 hours 
in New Hampshire. (See appendix table 1-21.) 

The time spent on mathematics/arithmetic in grades 
1-3 varied from 4.2 hours per week in Ohio to 6.0 hours 


“NELS:88 is a longitudinal survey sponsored by the U.S. Depart- 
ment of Education’s National Center for Education Statistics. It sur- 
veyed 24,599 students in grade 8 and their parents, teachers, and 
school administrators. The student sample was selected from 1,035 
public and private schools representing each of the 50 states and the 
District of Columbia. The students were administered tests of their 
knowledge of eighth grade science and mathematics and other sub- 
jects. The sampled subjects are being followed every 2 years through 
college and beyond to learn about their progress in school, their aspi- 
rations, their employment, and factors that affect their ability to com- 
plete their education. 
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Science and Mathematics Curriculum Related to 
Student Learning and College Attendance 


Several recent studies suggest that enrollment in 
certain courses has implications well beyond simple 
exposure to a certain body of knowledge. One of these 
studies, the LSAY, found a strong positive relationship 
between 12th grade students’ ability to engage in 
abstract problem-solving and coursetaking in advanced 
mathematics (Miller et al. 1990). Specifically, the LSAY 
iound that students who were enrolled in calculus cours- 
es had a much greater ability to solve abstract problems 
than those who were enrolled in “low math” courses. 
The same study found a similar result, although less pro- 
nounced, for science proficiency and student course- 
taking: students who took physics were much better at 
understanding scientific systems or interacting process- 
es than students who took “low science” courses. 

Another longitudinal study of eighth grade students, 
NELS:88, found that students who were in an algebra or 
other advanced mathematics class were almost five 
times as likely as students in a regular mathematics class 
(in which fractions were taught as a major topic) to be 
proficient at higher level mathematics problem-solving. 
The same study found that students who were in science 
classes where experiments were conducted at least once 
a week had the highest scores on science achievement 
tests, while students who were in classes that only con- 
ducted experiments once a month or less had the lowest 
scores (Hafner and Horn in press). 

Analyzing data from the High School and Beyond sur- 
vey, a third study found that the best determinant of 
future college attendance was enrollment in high school 
geometry. Overall, a much lower proportion of minori- 
ties than whites attended college within 4 years of high 
school graduation. Among students who took geometry, 
however, this difference disappeared: 80 percent of black 
students in this group attended college, along with 82 
percent of Hispanic students and 83 percent of whites. 
Even for students at the poverty level, taking geometry 
halved the gap in college attendance. 


Fewer than one-third of students with no algebra or 
geometry in high school attended a college within 4 
years of graduation, and only about 15 percent attended 
a 4-year college. (See text table 1-4.) By contrast, among 
students who took both algebra and geometry (about 
one-third of the high school population), more than four- 
fifths attended college—including community and junior 
college—and two-thirds attended a 4-year college within 
4 years of graduation. Other high school courses associ- 
ated with college attendance (but less so than geometry) 
were | year of laboratory science and 2 years of foreign 
language (Pelavin and Kane 1990). 

The above information notwithstanding, analvses of 
student coursetaking cannot establish causal relation- 
ships for either student learning or college attendance. It 
cannot be determined, for example, whether students 
with higher proficiency are more likely than others to 
seek out rigorous courses or whether the courses them- 
selves strengthen proficiency. 


Text table 1-4. 

High school 1982 graduates who attended college 
within 4 years of graduation, by mathematics 
courses taken 


Within 4 years 
attended... 
A 4-year 
Mathematics courses taken Total Anycollege college 
eee i here 
All graduates............. 100.0 55.4 36.9 
No advanced mathematics... 40.0 30.6 148 
Algebra only............. 24.9 57.2 32.1 
Algebra and geometry ...... 34.9 82.6 65.6 


SOURCE: S. Pelavin and M. Kane, Changing the Odds. Factors Increasing 
Access to College (New York: College Entrance Examination Board, 1990) 
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in the District of Columbia and, in grades 4-6, from 3.8 
hours in Montana to 6.0 hours in Mississippi. 

Tracking has a fundamental impact on what students 
study and thus what skills they have an opportunity to 
master, particularly in mathematics. The NELS:&8 study 
found that approximately 29 percent of public school 
eighth graders reported attending an algebra or other 
acsanced mathematics class, 17 percent attended gen- 
eral mathematics along with an algebra or accelerated 
program, 47 percent attended only general mathematics 
class, and 7 percent attended some sort of remedial 


class. Almost all of the eighth graders reported receiving 
science instruction. 


Barriers to Minority and Impoverished 
Students 


Tracking programs—whether advanced or remedial— 
have a profound effect on the type of classroom instruc- 
tion individuals receive. Those students who have shown 
an aptitude for mathematics are often given instruction 
in algebra and other more advanced subjects in grade 8. 
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Those who have not performed as well frequently have 
no access to mathematics classes that stress higher 
order thinking; instead, they are relegated to classes 
where learning computations involving fractions pre- 
dominates. Evidence from the NELS:88 survey suggests 
that unequal opportunities to learn mathematics exist at 
the eighth grade level (Hafner and Horn in press). 

The NELS:88 survey also found that blacks, Hispanics, 
Native Americans, and low socioeconomic status (SES) 
eighth grade students were all twice as likely as white 
students to be in remedial mathematics classes. Slightly 
fewer than half of low SES students were in mathematics 
classes where algebra was taught as a major topic com- 
pared with 75 percent of high SES students; 79 percent 
of low SES students and 52 percent of high SES students 
were in classes that emphasized the teaching of fractions 
as a major topic. Asian and white students were far more 
likely than blacks, Hispanics, or Native Americans to be 
in classes where algebra was a major topic. (See appen- 
dix table 1-22.) 

In science, only about 49 percent of low SES students 
were in classes where experiments were conducted at 
least once a week, compzied with 72 percent of high SES 
students. Asian and white students were more likely 
than black, Hispanic, or Native American students to be 
in science classes that conducted experiments once a 
week or more. (See appendix table 1-20.) 

Another recent study (Oakes 1990a) showed that high 
percentages of minorities faced several barriers to sci- 
ence and mathematics opportunities in secondary 
schools. First, their access to high-track science and 
mathematics classes diminished as the minority enroll- 
ment at their school increased. Second, minority stu- 
dents who attended racially mixed schools were more 
likely than their white peers to be placed in low-track 
classes. Third, minorities tended to have less access to 
“gatekeeping” courses at their schools, that is, courses 
that are especially important in qualifying students for 
college-level work in science and mathematics.'! 


Minority Enrollment. The first of these barriers is 
demonstrated in figure 1-15, which shows the number of 
class sections in science and mathematics classified by 
the content and level of the class (general, college prep- 
aratory, or advanced college preparatory). Generally, 
as the proportion of minority students at a school in- 
creased, the relative proportion of college preparatory or 
advanced course sections decreased. 


Low-Track Classes. To determine the likelihood of 
minorities being placed in low-track classes, a recent 
study (Oakes 1990a) examined the proportion of sec- 
ondary school science and mathematics classes at three 


Analyses cited here are based on special tabulations of data from 
the National Survey of Science and Mathematics Education. For 
detailed information on this survey, see Weiss (1987). 


Figure 1-15. 
Sections of science and mathematics classes in 
high schools, by school racial composition: 1986 


id Advanced college | College preparatory ‘a General 
preparatory class data Class 


Sections per 100 students 
4 


90-100 


0-10 10-50 50-90 
Percentage white students in school 


SOURCE: J. Oakes, Multiplying inequalities: The Effects of Race, 
Social Class, and Tracking on Opportunities to Learn Mathematics 
and Science (Santa Monica, CA: The RAND Corporation. 1990). 
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ability levels (as reported by classroom teachers) and by 
the racial composition of the classes. The proportion of 
high-ability classes increased significantly as the propor- 
tion of white students increased. Two-thirds of all classes 
whose minority enrollments were disproportionately 
high compared to the schools as a whole were judged by 
the teacher to be “low ability,” while more than half of 
the classes with relatively high white enrollment were 
considered to be “high ability.” Fewer than 1 in 10 of the 
classes with relatively high minority enrollment were 
classified as high ability by teachers of these classes. 
Thus, classes having disproportionately large numbers 
of minority students were seven times more likely than 
low-minority classes to be identified as low ability rather 
than high ability (Oakes 1990a, pp. 23-25). 


Gatekeeping Courses. Eighth grade algebra, ninth 
grade geometry, and high school calculus courses are 
considered “gatekeepers” because of their importance in 
the science and mathematics curriculum. Figure 1-16 
shows the number of sections of these accelerated math- 
ematics courses relative to the size of the student body of 
schools with high or low minority enrollment. In middle 
school, students attending predominantly white schools 
had far greater opportunities to take these gatekeeping 
courses. Among high schools that offered at least one 
section of calculus, racially mixed schools (10- to 90-per- 
cent white enrollment) had relatively comparable 


Figure 1-16. 

Number of accelerated mathematics class 
sections offered, by school racial composition: 
1986 


Sections per 100 students 
1.0 


| [BP Middle school 

(8th grade algebra, 
0.8 9th grade geometry) 
| $B High school 
(calculus) 


0.6 0.58 
0.4 
0.2 
0.0 
0-10 10-50 50-90 90-100 
Percentage white students in school 


SOURCE: J. Oakes, Multiplying inequalities: The Effects of Race, 
Social Class, and Tracking on Opportunities to Learn Mathematics 
and Science (Santa Monica, CA: The RAND Corporation, 1990). 
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numbers of sections of calculus per 100 students, but 
high-minority schools had far fewer sections than pre- 
dominantly white schools. 

Oakes (p. 45) summarizes the study’s major findings 
as follows: 


To the extent that they are enrolled in secondary schools 
where they are the majority, low-income students, African- 
Americans and Hispanics have less extensive and less 
demanding science and mathematics programs available 
to them, and they have considerably fewer opportunities to 
take the critical gatekeeping courses that prepare them to 
pursue science and mathematics study after high school. 


Teachers and Teaching 


The quality of science and mathematics instruction 
that students receive is largely determined by the qualifi- 
cations of their science and mathematics teachers 
(Shavelson, McDonnell, and Oakes 1989, p. 66). Al- 
though there is no consensus on what teacher qualifica- 
tions are most important for effective teaching—or even 
on what constitutes good teaching—it is widely assumed 
that teacher competence is related to subject matter 
knowledge. 

Past research on teacher quality indicators has been 
hindered by a general lack of nationally representative 


It should also be noted that this analysis included only high 
schools offering calculus, and that only about 50 percent of predomi- 
nantly minority schools did so, compared with 80 percent of predomi- 
nantly white schools (Oakes 1990a). 
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data bases. However, two recent large surveys of teach- 
ers and teaching conducted by the U.S. Department of 
Education—the Schools and Staffing Survey!’ and 
NELS:88''—permit examination of various indicators of 
the backgi »unds and qualifications of science and math- 
ematics teachers. More specifically, NELS:88 provided 
an indicator of teachers’ educational background by col- 
lecting data on their coursetaking patterns. SASS report- 
ed on the match-up between (1) teachers’ educational 
background and (2) their teaching assignments—a criti- 
cal match-up from an instructional quality viewpoint. 
This section focuses on these two broad topics—aca- 
demic preparation and teaching assignments—to ex- 
amine the issue of teacher quality in middle and high 
school science and mathematics classes. It also exam- 
ines students’ access to qualified teachers and, more 
broadly, the issue of teacher supply and demand. 


Teacher Training 


NELS:88 found a positive relationship between teacher 
training in mathematics and student achievement in that 
subject. Mathematics proficiency among the eighth grade 
students in the survey was set at three proficiency levels: 


e Basic—able to perform simple arithmetic opera- 
tions on whole numbers; 


e Intermediate—able to perform simple arithmetic 
operations with decimals, fractions, and roots; and 


e Advanced—able to perform problem-solving, demon- 
strate required conceptual understanding, and/or 
develop a solution strategy. 


Eighth grade students whose teachers had taken an 
advanced course in mathematics (defined as higher than 
college calculus) were more likely to be at the highest 
proficiency level than those students whose teachers 
had taken courses only at the calculus level or below. 
However, the relationship of student achievement to 
teacher coursetaking in mathematics education was 
mixed and therefore uncertain. 


Preparation: Middie School Teachers 


SASS data suggest that large numbers of middle 
school teachers of science and mathematics could be 
classified as misassigned—that is, they may not be 
teaching courses appropriate for their training. Such 
misassignment can occur for any of several reasons. A 
school may, for instance, be too small to have a full-time 
chemistry or physics teacher and may assign classes in 


“SASS provides a snapshot of public and private elementary and 
secondary schools, principals, and other staff during the 1987/88 
school year. 

'A sample of the science and mathematics teachers of the NELS:88 
students was included as part of the NELS:88 survey, and the college 
transcripts of these teachers were obtained to determine their course- 
taking patterns. See footnote 10 for more information on NELS:&8. 
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these topics to its biology teacher (Gilford and Tenen- 
baum 1990, p. 123). The misassignment, although under- 
standable and frequently unavoidable, can affect the 
quality of instruction provided. 


“Best Qualified” Subjects. According to SASS data, 
fewer than half of all middle school teachers of biological 
sciences and only about one-fifth of teachers of physical 
sciences felt they were teaching the subject for which 
they were best qualified. Mathematics teachers were 
more sure of the appropriateness of their assignments. 
Two-thirds of teachers of middle school mathematics felt 
that they were teach:ng the subject they were best quali- 
fied to teach. (See figure 1-17.) 


College Coursework. Between 5 and 7 percent of 
all teachers of middle school science and mathematics 
had not taken any courses in the subject to which they 
were assigned. From 37 to 42 percent had taken 1 to 6 
college courses, 27 to 35 percent had taken 7 to 12, 
and 22 to 26 percent had taken 13 or more college 
courses in the subject to which they were assigned. 
(See figure 1-18.) 


College Majors and Minors. \n the sciences, 40 per- 
cent of teachers of middle school biological sciences had 
majored or minored in that subject in college; another 17 
percent had majored or minored in science education. 
Among physical science teachers (chemistry and physics), 
32 percent had majored or minored in that subject in col- 
lege, and 16 percent had majored or minored in science 


Figure 1-17. 
Qualifications of middie school teachers of 
science and mathematics: 1988 


ee € mane 


BB Mathematics 
BB Biological sciences 


67 


Physical sciences 4 


43 


Teach primarily in their College major/minor in 
“most qualified" field primary teaching field 


SOURCE: National Center for Education Statistics, 1987/88 Schools 
and Staffing Survey, special tabulations by the RAND Corporation 
for the National Science Foundation. 
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Figure 1-18. 
Public school teachers who have taken 13 or 
more courses in their subject field: 1988 


Percentage of teachers 


50 
} _ Mathematics 42 
40+ | Biological sciences 4 
Physical sciences 
30+ 29 30} d 
26 
r 22 23 
20+ 4 
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SOURCE: National Center for Education Statistics, 1987/88 Schoois 
and Staffing Survey, special tabulations by the RAND Corporation 
for the National Science Foundation. 
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education. Only 28 percent of middle school teachers of 
mathematics had majored or minored in that subject in col- 
lege; an equal proportion had majored or minored in math- 
ematics education. 


Preparation: High School Teachers 


“Best Qualified” Subjects. Although teachers of 
high school science and mathematics appeared to have 
better qualifications to teach their assigned subjects than 
did their middle school counterparts, more than half of 
all teachers of physical sciences felt they were not 
assigned to the subject they were best qualified to teach. 
About one-quarter each of all teachers of biological sci- 
ences and mathematics expressed i.:. same feeling. (See 
figure 1-19.) 


College Coursework. Four percent of teachers of 
science and mathematics had not taken any college 
courses in the subjects to which they were currently 
assigned. Nearly half of the teachers of high school 
mathematics had taken from 7 to 12 classes in college 
mathematics. More than 40 percent of physical science 
teachers had taken 13 or more college courses in the 
physical sciences; about 30 percent each of teachers of 
biological sciences and mathematics had taken a similar 
number of college courses. (See figure 1-18.) 


College Majors and Minors. Most high school science 
and mathematics teachers had pursued a college major or 
minor in the subject they taught. In mathematics, how- 
ever, the proportion of teachers majoring/minoring in 
mathematics education was larger than the corresponding 


a Mathematics 
_ Biological sciences 
| | Physical sciences - 


74 


Teach primarily in their Galas Walesminer in 
“most qualified" field primary teaching field 


SOURCE: National Center for Education Statistics, 1987/88 Schools and 
Staffing Survey, special tabulations by the RAND Corporation for the 
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proportions of science teachers (28 percent for mathemat- 
ics education compared with 17 and 16 percent, respective- 
ly, for biological sciences education and physical sciences 
education). Also, more than one-third of all high school 
teachers of physical sciences lacked a college degree in 
either the physical sciences or in physical science educa- 
tion. This finding is consistent with that of another study of 
secondary school teachers of physics (Neuschatz and 
Covalt 1988). In the second study, approximately one-third 
of all physics teachers were described as having their pri- 
mary specialty in physics. Another third had begun their 
career in a different field but had taught physics regularly 
over the subsequent years; the remaining third were only 
occasional teachers of physics. 


Access to Qualified Teachers 


Based on several measures of teacher qualifications 
(e.g., certification in science and mathematics and bach- 
elors or masters degrees in these fields), it is clear that 
low-income and minority students have less access than 
other students to the best qualified science and mathe- 
matics teachers. As shown in figure 1-20, secondary 
schools with high proportions of economically disadvan- 
taged and minority students employ teachers who, on 
the average, were less frequently certified to teach sci- 
ence and mathematics and were less likely to hold bach- 
elors or masters degrees in these subjects. Moreover, 
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these teachers were less likely to feel well-qualified to 
teach these subjects. 

The qualifications of teachers of various track levels at 
low SES, high-minority, inner-city schools differed sub- 
stantially from those of teachers at high-wealth, predomi- 
nantly white, suburban schools. (See text table 1-5.) For 
example, only 39 percent of the teachers who taught low- 
ability classes in low SES, minority, inner-city schools 
were certified to teach science and mathematics at the 
secondary level, compared with 84 percent of the teachers 
at high-wealth, predominantly white, suburban schools. 
One of the most notable differences was that low-track 
students in the most advantaged schools (high SES, 
white, suburban) were likely to have better qualified 
teachers of science and mathematics than high-track stu- 
dents in the least advantaged schools (low SES, high 
minority, inner city) (Oakes 1990a). 

Eighty-four percent of public school students in the 
NELS:88 study had science teachers who felt well to 
very well-prepared to teach science.'” But low SES stu- 
dents in middle schools were twice as likely as high SES 
students to have science teachers who felt only ade- 
quately prepared to teach science (16 versus 8 percent). 
Students in high-poverty schools (those in which more 


In NELS:88, the teachers were asked to report how well-prepared 
they felt to teach their classes. Their choices were (1) very well-prepared, 
(2) well-prepared, (3) only adequately prepared, or (4) somewhat pre- 
pared or unprepared. 


Figure 1-20. 
Degrees and certification of science and 
mathematics secondary school teachers, 


by school racial composition: 1987 
Percentage of teachers 
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SOURCE: J. Oakes, Multipi ing Inequalities: The Effects of Race, 
Social Class, and Tracking on Opportunities to Learn Mathematics 
and Science (Santa Monica, CA: The RAND Corporation, 1990). 
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Text table 1-5. 


33 


Qualifications of secondary school teachers in high- and low-ability classes 


___Low-ability classes 
Low SES, 


High-ability classes 


High SES, Low SES, High SES, 


Teacher qualifications minority, urban —_ white, suburban minority, urban white, suburban 
Percentage of teachers 

Certified in science/mathematics................... 82 73 84 

Bachelors in science/mathematics.................. 68 46 78 

Masters in science/mathematics ................... 32 10 48 


SOURCE: J. Oakes, Multiplying inequalities: The Effects of Race, Social Class, and Tracking on Opportunities to Learn Mathematics and Science (Santa 


Monica, CA: The RAND Corporation, 1990). 


than 50 percent of students received free lunches) were 
seven times as likely as those in low-poverty schools 
(those with no free lunch programs) to have science 
teachers who reported they felt only adequately pre- 
pared to teach science. 


Teacher Supply and Demand 


Recently, there has been increasing concern about 
shortages of qualified individuals to teach science and 
mathematics at the elementary and secondary school 
levels. The factors influencing teacher supply and 
demand include 


e Changes in student enrollment: 


e Changes in schooling policies and practices, e.g., 
increased graduation requirements; and 


e The number of vacancies resulting from the cre- 
ation of new positions and from teacher attrition.'" 


Changes in Student Enrollment. Because of the 
rising number of annual births since 1977, enrollment 
will increase in elementary and secondary schools in the 
1990s. This “echo” of the baby boom of the 1950s will 
cause increases in the preprimary and 5- to 17-year-old 
populations over the next decade (Gerald, Horn, and 
Husson 1989). Its effects are already being felt. Speci- 
fically, after declining during the early 1980s, total school 
enrollment increased to 45.4 million in 1988. Enrollment is 
projected to continue to increase, reaching 49.5 million 
by the year 2000. Secondary school enrollment alone is 
expected to increase from 12.6 million in 1990 to 14.9 
million by 2000. 


Changes in School Policies. One study examined 
teacher supply and demand in relation to current re- 


Although attrition is often considered a component of demand, it is 
also largely a supply factor, reflecting the decisions of individual teach- 
ers about whether to stay in or leave the teaching profession. 
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forms at the Federal, state, and local levels to improve 
the quality of education (Darling-Hammond 1984). The 
researchers concluded that these reforms will soon lead 
to critical shortages of qualified teachers unless (1) poli- 
cies, such as those dealing with certification, that restrict 
the teaching profession are loosened and (2) teaching 
becomes an attractive career alternative for talented peo- 
ple. Otherwise, the researchers emphasized, schools will 
be forced to hire the less qualified to fill teaching vacan- 
cies; these teachers will then become the tenured work- 
force for the next several generations of schoolchildren. 


Attrition—-Aging and Retirement. Evidence trom 
state time series data showed that relatively few teachers 
had been hired because of low attrition rates.'’ However, 
both hiring and attrition rates are expected to increase 
over the next 15 years as midcareer teachers become eli- 
gible to retire and as expected enrollment increases open 
more positions and allow for more mobility and promotion 
(Center for the Study of the Teaching Profession 1989). 

The SASS survey found that, of the approximately 
250,000 secondary science and mathematics teachers in 
the United States, 19 percent of science teachers and 18 
percent of mathematics teachers were at least 50 years 
old. (See figure 1-21.) Thus, the current science and 
mathematics teaching force faces the potential of losing 
up to 45,000 teachers over this decade through retire- 
ment. The same study also di ’ a relatively low 
commitment on the part of many | «chers—especially 
new teachers—to staying in the teaching profession. For 
example, only 39 percent of new mathematics teachers 
and 46 percent of new science teachers said they would 
remain in teaching “as long as able” or “until eligible to 
retire.” And more than one-third of the new teachers 
were undecided at the time surveyed as to how long they 
would remain in teaching. (See text table 1-6.) 


“Other reasons possibly contributing to the low hiring rates include 
the relatively stable school-age population in recent years, lack of state 
and local resources, and increased pupilteacher ratios. 


Attrition—Job Satisfaction. Following up on a na- 
tional sample of science and mathematics teachers from 
the 1985-86 National Survey of Science and Mathematics 
Education, Weiss and Boyd (1990) found that an average 
of 13,000 science and mathematics teachers left the pro- 
fession annually. The annual rate of attrition for science 
and mathematics teachers (4.5 percent) was relatively 
low when compared with rates in other service profes- 
sions such as nursing and social work. Nevertheless, at 
this rate, half of the current science and mathematics 
teaching corps will need to be replaced in 15 years. 

The study researchers discovered that many current sci- 
ence and mathematics teachers were dissatisfied with vari- 
ous aspects of their jobs, citing adverse working condi- 
tions, student-related issues such as discipline problems, 
lack of adequate administrative support, low salaries and 
benefits, and a general lack of professional prestige. The 
followup study indicated that many teachers were dissatis- 
fied with their salaries. (See figure 1-22.) Although fewer 
than 1 in 10 teachers named salaries as what they liked 
least about teaching, more than half cited higher teacher 
salaries as the single most important factor for teacher 
retention. 


Figure 1-21. 
Age distribution of science and mathematics 
secondary school teachers: 1988 


SOURCE: National Center for Education Statistics, 1987/88 Schools 
and Staffing Survey, special tabulations by the RAND Corporation for 
the National Science Foundation. 
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Text table 1-6. 
Plans of secondary school teachers of science and 
mathematics to remain in teaching 


Science Mathematics 
All New All New 

Teaching plans teachers teachers teachers teachers 

. Pecsn-—_—____—_— 
ES 100.0 100.0 100.0 100.0 
Remain as long 
Sa 27.4 34.3 25.7 30.4 
Remain until eligible 
‘or retirement... ... 38.8 11.2 38.7 8.3 
Probably continue 
unless something 
bettercomesaiong.. 13.9 13.8 17.1 22.5 
Definitely plan to leave 
as soon ascan..... 5.0 9.6 3.5 2.2 


Undecided at this time 14.8 31.2 15.0 36.7 


SOURCE: National Center for Education Statistics, 1987/88 Schools 


and Staffing Survey, special tabulations prepared by the RAND 
Corporation for the National Science Foundation. 
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Other recent studies indicate that salaries and the 
opportunity to earn higher salaries in business and indus- 
try influence the median length of time that teachers 
remain in the teaching profession (Murnane and Olson 
1989 and 1990). Analyzing data in teacher files in North 
Carolina, Michigan, and Colorado, researchers con- 
cluded that, depending on the state, an annual salary dif- 
ferential of $2,000 might induce teachers of science and 
mathematics to remain in the profession from 1 to 2 years 
longer than generally expected. New teachers were par- 
ticularly susceptible to the influence of salary on career 
decisions. For example, chemistry and physics teachers 
who command higher salaries in nonteaching occupa- 
tions were almost twice as likely to leave teaching during 
the first year of teaching as were social science teachers. 


The Policy Context 


National Initiatives and Reform Movements 


Nationwide concern about the shortcomings of the 
American educational system sparked an unprecedented 
level of state activity during the 1980s. In almost every 
state, the education reform movement resulted in new 
legislation or state board regulations to increase stan- 
dards for students; revise teacher licensure, training, 
and compensation practices; and/or enhance informa- 
tion about school performance (Fuhrman and Elmore 
1990). In the wake of state-level efforts, national organi- 
zations established their own reform movements. 


Science & Engineering Indicators — 1991 


cela diate) 
foreyayeiiie)e\-aee 
19° 


Most important factor 
in retention 


SOURCE: I.R. Weiss and S.E. Boyd, Where Are They Now?: A 
Study of the 1985-86 Science and Mathematics Teaching 
Force (Chapel Hill, NC: Horizon Research, Inc., 1990). 
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This section describes significant, ongoing national 
and state initiatives to improve education quality, particu- 
larly in the area of science and mathematics. It also cov- 
ers the effects of state-level reform on local education 
entities and classroom practices and highlights a special 
survey of state legislators gauging their reactions to edu- 
cational reforms. 


The Federal Role 


In 1989, the President and the 50 state governors adopt- 
ed six ambitious national education goals, three of which 
related directly to precollege science and mathematics. 
(See “Students: Achievement, Interest, and Coursework, 
p. 16.) In addition, the President and governors provided 
policy guidance by developing specific objectives for each 
goal, with the following related specifically to precollege 
science and mathematics: 
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e The academic performance of elementary and sec- 
ondary students will increase significantly in every 
quartile, and the distribution of minority students in 
each level will more closely reflect the student pop- 
ulation as a whole. 


e The percentage of students who demonstrate the 
ability to reason, solve problems, apply knowledge, 
and write and communicate effectively will increase 
substantially. 


e Mathematics and science education will be 
strengthened throughout the system, especially in 
the early grades. 


e The number of teachers with a substantive back- 
ground in mathematics and science will increase by 
90 percent. 


e Every major American business will be involved in 
strengthening the connection between education 
and work. 


e All workers will have the opportunity to acquire the 
knowledge and skills, from basic to highly techni- 
cal, to adapt to emerging new technologies, work 
methods, and markets through public and private 
educational, vocational, technical, workplace, or 
other programs. 


To coordinate the Federal portion of this effort, the 
Committee on Education and Human Resources (CEHR) 
was established in May 1990 under the Federal Coordi- 
nating Council for Science, Engineering, and Technology. 
The committee’s initial challenge was to develop a system- 
atic, comprehensive, and accurate inventory of existing 
Federal programs and budgets and to prepare a coordinat- 
ed program budget for fiscal year (FY) 1992. 

The committee established the following four budget 
planning priorities for the precollege level: 


e Teacher preparation and enhancement; 


¢ Curriculum and materials development, research in 
teaching and learning, program evaluation, dissemi- 
nation, and technical assistance; 


¢ Comprehensive programs/organization and sys- 
tematic reform; and 


e Student incentives and opportunities. 


Throughout its planning, CEHR particularly empha- 
sized (1) precollege education and (2) increasing the 
participation of groups currently underrepresented in 
science and mathematics fields. 

Of the total FY 1992 budget request, 65 percent— 
$1.94 billion—was in precollege science and mathemat- 
ics. Precollege activities accounted for $660.6 million, or 
34 percent of the total (FCCSET 1991). The 1992 request 
represented a 28-percent increase over FY 1991 and a 92- 
percent increase over FY 1990. (See figure 1-23.) The 
Department of Education and NSF accounted for nearly 


FY 1990 FY 1991 FY 1992 


[-] Teacher preparation HB Student incentives 

BB Curriculum development [J Other 

[3] Comprehensive/reform 
SOURCE: Federal Coordinating Council for Science, Engineering, 
and Technology, By the Year 2000: Report of the FCCSET 
Committee on Education and Human Resources, budget summary 
and final report, FY 1992 (Washington, DC: Office of Science and 
Technology Policy, 1991). 
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86 percent of the FY 1992 precollege budget request. 
(See appendix table 1-23.) 


Other National Efforts 


Several national organizations independently launched 
parallel efforts to develop new support structures to help 
states and localities promote excellence in science and 
mathematics education. These efforts, highlighted below, 
include those of the National Council of Teachers of 
Mathematics (NCTM), the National Academy of Sci- 
ences/National Research Council, the American Asso- 
ciation for the Advancement of Science (AAAS), and the 
National Science Teachers Association. These organiza- 
tions adopted and released standards advocating funda- 
mental changes in science and mathematics curriculum 
content, teaching approaches, and assessment techniques 
that place a strong emphasis on problem-solving and high- 
er order thinking skills. These standards also maintain that 
all students can learn and that they deserve high-quality 
instruction. 


National Council of Teachers of Mathematics. 
NCTM undertook a monumental effort to set guidelines 
for mathematics curriculum and assessment. The stan- 
dards encourage teaching and learning that (1) rely on 
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applications of mathematics to relevant everyday prob- 
lems and situations, (2) foster students’ thinking skills, 
and (3) push them to use their minds to solve problems 
in unfamiliar and new settings and to discover alternative 
solutions. These standards also emphasize the use of cal- 
culators, computers, and other tools to relieve the tedi- 
um of hand calculations, provide a basis for more com- 
plex problem-solving situations, and engage students in 
mathematics learning. The standards advocate integrat- 
ing teaching with assessment and evaluating what stu- 
dents know and how they think about mathematics 
(NCTM 1989 and 1990). 


National Research Council. NRC (1989) advocated 
a revitalization of school mathematics and emphasized 
how crucial it is for science, technology, and the econ- 
omy that all students receive high-quality education in 
mathematics. Also under NRC auspices, the Mathe- 
matical Sciences Education Board (MSEB) prepared two 
reports on concepts and principles of mathematics. One, 
a statement of philosophy and curricular frameworks, 
provided a geteral structure to guide curriculum de- 
velopment for tie future (MSEB 1990b). The other, on 
major strands of mathematical thought, was intended to 
stimulate creative development of new curricula that 
embody a broad interpretation of mathematics (MSEB 
1990a). These actions, involving many different 
groups—mathematicians, scientists, educators, and 
administrators—were intended to form the basis of a 
national consensus for new directions in mathematics 
education. 


American Association for the Advancement of 
Science. AAAS (1989) emphasized the benefits of 
hands-on science experimentation and recommended 
that students engage more actively in “collecting, sort- 
ing, cataloging; observing, note-taking, and sketching; 
interviewing, polling, and surveying; and using hand 
lenses, microscopes, thermometers, cameras, and other 
common instruments” (p. 147). 


Other Efforts. Besides advocating significant 
changes in curriculum content, national organizations 
sought ways to help promote the changes recommend- 
ed. For example, in a joint effort between AAAS and 
school districts, teams of teachers and researchers at six 
sites across the country designed curriculum and school 
structures for achieving the goals set forth in AAAS 
(1989) (see Rothman 1990, pp. 1, 21). 

One current national science reform project is the 
Scope, Sequence, and Coordination (SS&C) project coor- 
dinated by the National Science Teachers Association. 
SS&C is an effort to undo the “layer cake” approach to 
science in which science classes are offered in discipline- 
specific classes (e.g., biology, chemistry, and physics) 
which are taken by progressively fewer students as they 
move into higher grades. SS&C aims to make science 
more attractive to students and encourage more stu- 
dents—especially minorities and females—to pursue 
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S&E careers. University educators and school teachers 
are working together to redesign science programs for 
schools in five pilot sites. Changes taking place include 
increased integration and coordination of the science 
disciplines, science instruction that progresses from the 
mostly empirical in the middle school grades to the 
increasingly theoretical and abstract in higher grades, 
and science courses covering fewer topics to provide stu- 
dents with more indepth coverage. 


State Reform Movements 


To date, numerous education reforms have been 
enacted in every state. These reform efforts vary greatly 
in range and scope, but most of them basically address 
the need to improve academic standards and upgrade 
teacher quality. 


Improving Academic Standards. In 1983, the 
National Commission on Excellence in Education recom- 
mended that high school students take a minimum of 4 
years of English and 3 years each of mathematics, sci- 
ence, and social studies in order to graduate. By 1990, 4 
states and territories required 3 years of science, and 12 
required 3 in mathematics. (See figure 1-24.) States con- 
tinued to upgrade their science and mathematics require- 
ments. For example, from 1989 to 1990, one state 
increased its graduation requirements to 3 years of sci- 
ence, and two increased theirs to 3 years of mathematics. 

Some local districts require more credits in these sub- 
jects for graduation than their states do, and many stu- 
dents are taking more science and mathematics credits 
than their states require. A study by the Center for 
Policy Research in Education (CPRE) found that some 
districts had raised their requirements more than they 
otherwise would have in order to continue to exceed the 
state’s minimum (Fuhrman 1991). 

The CPRE study also found that science gained the 
most in terms of coursetaking and requirements during 
the 1980s. New science requirements were high relative 
to pre-existing coursetaking, and science coursetaking 
showed the largest and most consistent gains. Growth 
occurred primarily in beginning academic courses like 
physical sciences and earth sciences. In mathematics, 
fewer students took remedial courses such as basic 
mathematics and general mathematics, and more stu- 
dents took courses such as pre-algebra and algebra. 

Another study of state policies and coursetaking in sci- 
ence and mathematics found that states that required 
2.5 to 3 science credits had a median of 9 percent more 
students enrolled in science than states requiring 2 cred- 
its or less. The high-requirement states had a median of 
4 percent more students taking upper-level science 
courses, e.g., chemistry, physics, and advanced biology. 
There was some evidence that a science graduation 
requirement above 2 credits was related to more upper- 
level science coursetaking, but the data were not conclu- 
sive because of the small number of states with higher 
science requirements. 
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SOURCE: R.K. Blank and M. Dalkilic, State indicators of Science and 
Mathematics Education: 1990 (Washington, DC: Council of Chief State 
School Officers, 1991). 
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In mathematics, the same study showed that states 
requiring from 2.5 to 3 credits for graduation had a medi- 
an of 10 percent more students taking mathematics 
courses than states requiring 2 credits or less. However, 
the high-requirement states had a median of only 2 per- 
cent more students taking upper-level courses, i.e., 
geometry through calculus. These results indicated that, 
on average, higher state graduation requirements did 
not necessarily lead to substantially more students tak- 
ing upper-level mathematics courses, although there 
were a few individual state exceptions to this pattern 
(Blank and Dalkilic 1991, p. 1). 


Upgrading Teacher Quality. In a study of state pol- 
icy issues pertaining to teachers and teaching, Fuhrman 
(1991) reached three conclusions concerning teacher 
shortages: 


¢ The national problem was not as severe as predict- 
ed in the early 1980s, 


e Shortages varied markedly by state, and 


e Answers to questions about supply and demand of 
science and mathematics teachers varied with the 
criterion of teacher quality used. 


Many states devised policies to increase the supply of 
teachers in science and mathematics. States increased 
the pay scale of teachers to retain and attract teachers 
and provided loans for students entering training in 
shortage fields. States also raised requirements for 
teacher certification in science and mathematics at 
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Although there have been many studies on the atti- 
tudes toward education reform of various educational 
leadership groups, little is known about the corre- 
sponding attitudes and policy preferences of state leg- 
islators. To answer this need, an annual sample survey 
of state legislators was launched in 1990 (Miller 1990). 


Are New Programs Needed? As part of the study, 
the legislators were asked if their states should initiate 
any new programs to improve science and mathemat- 
ics education. Most of the legislators (80 percent) 
thought that some new programs were needed; how- 
ever, one in five was not sure what those programs 
ought to be. 

Among those who could identify specific programs 
for improving science and mathematics education, 
there was little consensus as to what should be done. A 
slim majority advocated solutions related to program 
delivery, including increased emphasis on the subjects 
in the classroom, longer school days, and longer 
school years. The second most popular set of recom- 
mendations involved new curricula and materials. 
Legislators’ next-cited program preference focused on 
improved teacher training and increased teacher pay 
to yield better qualified teachers. The two least-cited 
program options were increasing state standards or 
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requirements and establishing science and mathemat- 
ics academies and magnet schools. 


Is Education Sufficiently Funded? When asked 
about state financial support, 56 percent of the legisla- 
tors indicated that too little was being spent on public 
elementary and secondary education in their states. In 
fact, legislators placed elementary and secondary edu- 
cation near the top of their list of underfunded state 
programs. Only a third of those surveyed indicated 
that their states’ educational funding was adequate: 
another 8 percent thought that their states were pro- 
viding too much support to public education. 

Although there was no consensus as to what areas 
of education should receive the highest funding prior- 
ity, 16 percent of the legislators supported improved 
teacher programs. Another 13 percent cited a need for 
preschool and elementary school programs. 

Interestingly, hardly any of the legislators identified 
improvements in science and mathematics education 
as the primary target of additional state spending. 
Given legislators’ general recognition of problems in 
science and mathematics education, this finding could 
indicate that most state legislators viewed these prob- 
lems as only one aspect of a broader set of educational 
reform issues to be addressed. 


elementary and secondary levels. Some states passed 
alternative certification policies intended to attract non- 
certified college graduates to teaching, and many states 
instituted mandatory teacher assessments to ensure that 
new teachers (and, in two states, all teachers) met stan- 
dards for verbal ability, knowledge of their teaching 
field, and knowledge of education in general (Blank and 
Dalkilic 1991, p. 26). 

The age distribution of science and mathematics 
teachers indicated little likelihood nationwide of greater 
shortages of teachers in these subjects than in other sub- 
jects. The fields of chemistry and physics had slightly 
more teachers older than age 50 than other teaching 
fields, but all the science and mathematics fields had 
teachers younger than the average for all high school 
teachers. A shortage of science and mathematics teach- 
ers could be anticipated in a few states with much higher 
percentages of their teaching force older than age 50 
than other states. 

In some states, the majority of science and mathemat- 
ics teachers majored in college in the subject they teach. 
But other states had relatively few teachers with majors 
in their subject. About half of all high school science and 
mathematics teachers had a college major in their 
assigned field. In most states, school districts were able 


to hire and assign state-certified science and mathematics 
teachers, but many of these teachers did not meet higher 
standards for preparation such as having a college major 
in their assigned field or meeting standards set by profes- 
sional societies (Blank and Dalkilic 1991, p. 42). 


Impacts of State Reforms: Case Studies 

Several assessments of state-level reforms have been 
undertaken by individual states, the Center for Policy 
Research in Education, and the Center for the Learning 
and Teaching of Elementary Subjects in conjunction with 
the National Center for Research on Teacher Education. 
In general, these assessments attempt to address some 
or all of the following issues: 


¢ Were the policies successful? 
¢ What were the effects of the reforms? 
¢ How were reforms implemented at the local level? 


¢ How have policies affected teachers’ choices about 
teaching practices and course content? 
Success of Policies. Some state reforms that were 


initially seen as unlikely to be implemented by local 
school districts may be yielding more benefits than 
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anticipated. For example, both California and South 
Carolina have been systematically tracking the effects of 
their education reform packages for 4 years. Both sets 
of assessments reveal that, although there is substantial 
room for improvement, many of the initiatives have been 
successfully implemented, have led to important changes 
in districts and schools, have raised targeted indicators of 
student performance, and have not—as many observers 
anticipated—left at-risk students behind (Murphy 1989, 
pp. 217-18). 


Effects of Reforms. |n a study of educational reform 
in six states (Arizona, California, Florida, Georgia, 
Minnesota, and Pennsylvania) undertaken by CPRE, 
investigators concluded that educational reforms to 
increase high school graduation requirements exerted a 
powerful influence over schooling (Fuhrman and Elmore 
1990, p. 86). Among other effects, these reforms led to dif- 
ferent course offerings by many districts and schools, new 
coursetaking patterns by large numbers of students, more 
attention to the knowledge and skills addressed by stan- 
dardized tests, and adjustments in teacher assignments. 
These changes were effected even though many districts 
had already met or exceeded the new requirements. 

The study found that many local districts enacted polli- 
cies of their own that exceeded the state mandates. As a 
result, low-achieving students were more affected than 
others by changes in minimum graduation require- 
ments, because higher achieving students were already 
likely to be taking courses imposed by new state stan- 
dards (CPRE 1990, p. 4). This local activity took a variety 
of forms, e.g., enacting policies in anticipation of high 
state mandates and using the state policies to achieve 
their own district objectives. For example, of the 24 dis- 
tricts studied in the 6 states, 10 had a strong form of cur. 
riculum frameworks, course syllabi, tests, textbooks, and 
(in some cases) teacher evaluation instruments to pro- 
duce a more uniform curriculum across district schools. 


Implementation of Reforms. Acco: the find- 
ings of the CPRE study, states that had s 2 it effects 
on local education agencies appeared to rely more on 
multiple mechanisms of influence than on direct control. 
The following are examples of successfully used mecha- 
nisms of influence. 


© Mobilization of professional and public opinion—the 
school reform packages of at least four states in the 
CPRE sample were heavily influenced by organized 
business interests, which mobilized public opinion 
around highly visible statements of the rationale for 
education reforms. 


© Using information about performance to shape the 
local school district policy environment—California 
and Florida published the results of state perfor- 
mance assessments, using their extensive informa- 
tion on school-level performance to shape the terms 
of debate about the success of educational reform 
and school effectiveness. 


Effects on Teachers’ Choices. The CPRE study 
also found that new state and district policies appeared 
to have affected teaching practices less than course con- 
tent. States and districts had revised curriculum guides 
and frameworks in an effort to lend greater emphasis to 
higher order thinking skills and problem-solving. But 
the study evidence suggested that state and district 
activity in this area affected teachers only sporadically. 
Some teachers adopted new practices, while others con- 
tinued to use the same pedagogy and emphasize similar 
kinds of knowledge as before. 

Problems associated with the implementation of polli- 
cies to increase higher order skill teaching included the 
fact that only limited resources were devoted to staff 
development in this area. Also, laboratory work contin- 
ued to play a relatively small role in most science classes 
because many schools had inadequate laboratory facili- 
ties and lacked chemicals and equipment necessary to 
conduct basic laboratory exercises. 

Another study focused on changes in elementary 
school mathematics classroom teaching practices as 
they related to a newly enacted California state policy of 
teaching mathematics for understanding.’ The policy 
reflected an effort to shift mathematics teaching from 
mechanical drill and memorization toward reasoning and 
understanding. Unlike many simiiar policies that either 
set broad goals or required that certain courses be 
taken, the California reform used the concept of instruc- 
tional “alignment” to improve mathematics teaching and 
learning. In accordance with this concept, the state 
recast its curriculum guidelines, textbooks, and assess- 
ments to convey clear messages of change to both teach- 
ers and students. 

The policy challenged basic beliefs about mathematics, 
about how students learn mathematics, and about how 
teachers perceive their role and conduct their classes. 
Based on preliminary analyses, teacher responses to the 
new policy appear to vary widely. Several of the teachers 
viewed mathematics rather traditionally, as a sequence of 
topics to be covered serially. These teachers organized the 
new content into the existing structure of traditional school 
mathematics. Some teachers saw the policy as a new 
source of teaching strategies and fully exploited the poli- 
cy’s recommendation to transmit material more effectively 
through such tactics as classroom games, filmstrips, and 
concrete models. Other teachers used these strategies too; 
however, these individuals used the strategies as simply a 
novel means of capturing students’ attention in memoriz- 
ing the traditional rules and procedures without giving stu- 
dents an opportunity to explore on their own. 
Consequently, these teachers, like the first group 
described, filtered the new mathematics instruction policy 
through the traditional structure of rote learning. 


‘This study included nine teachers in six different elementary 
schools (half of which were high SES schools and half of which were 
low) in three different California school districts (Cohen 1990). 


Summary 


Following an outpouring of Federal, state, and local 
educational reform, overall student achievement in sci- 
ence and mathematics since 1977 is beginning to im- 
prove—but the levels are only at those attained around 
1970. There are positive results in terms of equality of 
educational attainment: gaps in performance in science 
and mathematics between black and Hispanic students 
and their white peers are being reduced. Attainment in 
analytical and higher order skills remains low and sub- 
stantially unchanged. 

Why there has not been more progress is a matter of 
continuing national debate. One significant finding in 
this regard is that inadequate resources for staff develop- 
ment and for laboratory equipment have inhibited effec- 
tive implementation of state and district policies to 
increase school teaching of higher order thinking and 
analytical skills. 

Numerous national and international studies point to a 
number of aggregated and individual variables (most of 
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which have been reported in this chapter) that appear to 
be positively related to educational success. But no mat- 
ter how detailed and careful the statistical analysis, 
causal relationships cannot be inferred based on these 
data alone—whether students with higher proficiency 
seek out more rigorous courses in school and pursue 
them with more rigid academic vigor, or whether the 
courses themselves strengthen proficiency. 

Applebee, Langer, and Mullis (1989, p. 6) draw the fol- 
lowing conclusion about the current status and condition 
of education in the United States: 


American education is at a crossroads. While aca- 
demic achievement appears to be improving after 
years of decline, the continuing lack of growth in 
higher-level skills suggests that more fundamental 
changes in curriculum and instruction may be needed 
in order to produce more substantial improvements. 
The educational system in this country needs to 
extend its focus from the teaching and learning of 
skills and content to *-clude an emphasis on the pur- 
poseful use of skill and knowledge. 
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Higher Education in Science and Engineering 
HIGHLIGHTS 


Characteristics of Higher Education 
Institutions 


e Research I universities dominate science and en- 
gineering (S&E) doctorate production; they also 
award a sizable proportion of S&E baccalaureaies. 
In 1988, research I universities, which accounted for 
about one-quarter of the U.S. academic institutions 
that offered S&E doctorate study, awarded two-thirds 
of the year’s S&E doctorates. The 5 percent of bac- 
calaureate-granting schools classified as research I pro- 
duced 30 percent of S&E bachelors degrees. See pp. 
46-47. 


e Tracing the baccalaureate institutional origins of 
recent S&E doctorate recipients reinforces the sig- 
nificant role played by research-intensive universi- 
ties. About two-fifths of the people who earned S&E 
doctorates between 1985 and 1990 had received their 
bachelors degrees at research-intensive universities. 
Another one-quarter received their baccalaureates from 
other doctorate-granting institutions. See pp. 47-48. 


¢ Comprehensive I schools are more significant in 
baccalaureate and masters S&E education than 
in doctoral studies. Koughly 29 percent of S&E 
bachelors degrees and 21 percent of masters degrees 
were granted by comprehensive I schools in 1988. In 
contrast, these schools accounted for about 1 percent 
of S&E doctorates. See pp. 46-47. 


Undergraduate Students 


e In the late eighties, female undergraduates out- 
numbered males, and the proportion of under- 
graduates in their late 20s or older continued to 
grow. Despite declining enrollments by the traditional 
college-age group (18- to 21-year-olds) in the eighties, 
undergraduate enrollments increased by almost 2 mil- 
lion. Some of this increase was due to greater partici- 
pation in higher education by females, particularly 
older females. In 1988, females represented over half 
of both undergraduate enrollment and high school 
graduates. See p. 48. 


e Increasingly, undergraduates have been enrolling 
part time and attending 2-year institutions. Part- 
time students made up over 40 percent of undergrad- 
uate enrollment in 1988; this proportion was up from 
25 percent 10 years earlier. Enrollments in 2-year col- 
leges have also risen significantly, accounting for 
more than half the growth in overall undergraduate 
enrollments in the last 10 years. See p. 48. 


Freshman Characteristics 


¢ Among freshmen intending to major in S&E fields, 
the proportion choosing natural science steadily 
declined in the last 20 years; concurrently, interest 
in engineering, which had faltered, began to recov- 
er. The percentages of S&E freshmen who planned a 
major in mathematics or the physical sciences 
declined between 1971 and 1990. Interest in engineer- 
ing, on the other hand, continued to increase until the 
early eighties at which point it declined; the latter part 
of the eighties saw a slow increase in freshman inter- 
est. See p. 49. 


¢ Underrepresented minorities are less likely than 
whites and Asians to plan a major in S&E fields. 
In 1990, roughly one-third of blacks, Native 
Americans, and Hispanics reported an S&E field as 
their probable major. In contrast, over two-fifths of 
Asians planned to major in science or engineering. 
See p. 49. 


S&E Degree Production and Graduate 
Enroliments 


¢ Undergraduate degree production declined during 
the 1980s in most S&E fields. Over the decade, the 
number of degrees dropped in most natural and behav- 
ioral science fields but rose in the computer sciences. 
Between 1985 and 1989, the number of undergraduate 
degrees awarded dropped in virtually all S&E fields 
except the behavioral sciences. See p. 50. 


¢ Some leading indicators suggest that the decline 
in the proportion of bachelors degrees awarded 
in S&E fields may level off in the near future. 
Data on freshman plans predict that the long-term 
decline in the proportion of natural science degrees 
may have bottomed out in 1990 and that recovery may 
be evident in the proportions of computer science and 
engineering degrees in 1992. Bachelors degrees in the 
behavioral sciences are likely to peak as a percentage 
of all baccalaureates in the early nineties. See p. 52. 


Financial Support 


¢ Financial support for graduate education has 
shifted somewhat toward non-Federal sources. 
Non-Federal sources of financial support were report- 
ed by a majority (53 percent) of S&E graduate stu- 
dents in 1990, up from 48 percent 10 years earlier. 
During the same period, Federal sources, which had 
declined in the early eighties, began to rebound in the 
latter half of the decade. See p. 57. 
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Foreign Participation in S&E Graduate 
Education 


¢ Participation by foreign citizens in U.S. S&E 
graduate programs has increased. S&E graduate 
enrollment of foreign citizens increased by more than 
two-fifths during the eighties; in 1990, foreigners 
accounted for more than one-quarter of the graduate 
students in these fields. Similarly, among S&E doctor- 
ate recipients, foreign participation almost doubled 
over the decade. In 1990, about one in three S&E doc- 
torate recipients was on either a temporary or perma- 
nent visa. See pp. 58-59. 


¢ Foreign citizens tend to concentrate on engineer- 
ing and certain natural science fields rather than 
on the behavioral sciences. In 1990, the majority of 
doctorates in engineering (57 percent) and mathemat- 
ics (56 percent) were granted to non-U:S. citizens. In 


Introduciion 


Chapter Focus 

This chapter focuses on higher education in science 
and engineering (S&E). Specifically, indicators are 
examined for the following three topic areas: 


¢ Characteristics of U.S. institutions that grant degrees 
in S&E. Exploring the characteristics of the differ- 
ent types of institutions that grant S&E degrees 
reveals the very different roles that these institu- 
tions play in the educational process. Classifying 
universities and colleges by broad categories shows 
differences by both degree level and discipline. 


© Characteristics of the U.S. student population at the 
undergraduate and graduate levels. Trends in 
degree production and enrollments among the U.S. 
student population indicate two phenomena. At all 
educational levels, increasing percentages of the 
postsecondary population are made up of women 
and older students. Partially reflecting these demo- 
graphic trends, there has been a marked decline in 
the choice of many S&E fields as areas of study, 
especially at the baccalaureate level. 


e /nternational issues. S&E education is becoming 
increasingly internationalized. For example, the 
number of foreign students studying at U.S. institu- 
tions, particularly at advanced degree levels, has 
grown so much more rapidly than that of U.S. stu- 
dents that foreign students now account for more 
than half of the doctorates awarded in some S&E 
fields. Another international issue involves the com- 
parison of the number of S&E degrees awarded by 
various countries. For example, in Japan, about 6.4 
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comparison, foreign students received 36 percent of 
the doctorates granted in the social sciences and only 
6 percent of those in psychology. See p. 59. 


international Comparisons of Baccalaureate 
Production 


e There has been a rapid rise in bachelors degree 
production in natural science and engineering 
(NS&E) fields in Asia. Between 1975 and 1988, 
NS&E degrees more than doubled in South Korea, 
Singapore, and Taiwan. The comparable increase in 
developed countries was 16 percent. See p. 60. 


e Participation in NS&E education is highest in 
the USSR. About 9 percent of 22-year-olds in the 
USSR earned baccalaureates in NS&E fields in 1988, 
compared to 5 percent in the United States and 0.6 
percent in China. See pp. 61-62. 


percent of the college-age population received first 
university degrees in the natural sciences and engi- 
neering. In the United States, this proportion was 5 
percent. 


Chapter Organization 


This chapter is divided into five major sections. The 
first of these provides information on indicators related 
to the characteristics of U.S. institutions including (1)the 
different types of institutions that award S&E degrees at 
various levels and (2)baccalaureate origin institutions of 
recent S&E doctorate recipients. 

The second and third sections cover topics related to 
the characteristics of American college freshmen and 
high school graduates; graduate enrollment in S&E pro- 
grams; and S&E degree production at the baccalaureate, 
masters, and doctorate degree levels. The fourth section 
explores a related indicator, that of major sources of 
financial support reported by undergraduate and gradu- 
ate students in U.S. institutions. 

The final section of the chapter revolves around two 
issues of international comparison: (1) the increasing 
number of foreign students at U.S. colleges and universi- 
ties and (2) degree production trends for selected coun- 
tries, including six Asian countries. 


Characteristics of Higher Education 
Institutions 


There are more than 3,000 institutions of higher edu- 
cation in the United States, playing a variety of roles at 
each degree level in the S&E education process. To 
assess and examine the different characteristics of these 
institutions, a classification scheme was developed by 


the Carnegie Foundation for the Advancement of Teach- 
ing (Carnegie 1987). Widely used by the academic com- 
munity as a means of viewing the overall structure of the 
U.S. higher education system, the classification system 
was first introduced in 1970 and revised slightly in 1976 
and 1987. See “Classification of Academic Institutions,” 
p. 47, for a brief description of the Carnegie categories 
used in this chapter. 


Bachelors Level 


Of the 1,700 institutions that granted baccalaureates, 
almost 1,400 granted degrees in S&E fields in 1988. (See 
text table 2-1.) Comprehensive I and liberal arts II 
schools accounted for over half of the institutions with 
S&E programs; research I and research II universities 
represented 5 and 2 percent, respectively, of all institu- 
tions offering S&E baccalaureates. These proportions 
change, however, by S&E field. For example, almost 17 
percent of the schools offering undergraduate engineer- 
ing degrees were in the research I category, while these 
schools represented 5 percent of undergraduate degrees 
in the natural sciences. 

Research I and comprehensive I schools accounted for 
the largest fractions of S&E baccalaureates awarded: 30 
percent and 29 percent in 1988. (See figure 2-1.) Liberal 
arts II schools, on the other hand, granted fewer than 4 
percent of all S&E baccalaureates that year. Again, dif- 
ferences emerge by discipline. About two-fifths of all 
engineering graduates were from research I schools, 
and about one-third of natural science graduates attend- 
ed comprehensive | institutions. 

In terms of percentage of bachelors degrees awarded 
in science and engineering (i.e., S&E productivity), 


Text table 2-1. 
Number of academic institutions with science and 


engineering (S&E) programs, by degree level: 1968 


S&E S&E S&E 
masters doctorate 


bachelors 
Type of institution programs programs programs 


Se 1,392 645 291 
Research!......... 67 68 70 
Research il......... 34 34 34 
Doctorate-granting |. . 47 48 48 
Doctorate-granting |! . 54 57 52 
Comprehensive ..... 394 275 35 
Comprehensive |! 163 43 2 
Liberal aris!........ 138 28 3 
Liberal arts li........ 380 26 1 
Two-year institutions 15 0 0 
Specialized......... 83 45 33 
SC AG a's 64-688 0.00 11 19 13 
Not classified ....... 6 2 0 


See appendix tables 2-1, 2-2, and 2-3. 
Science & Engineering Indicators - 1991 
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Figure 2-1. 
Relative production of science and 


engineering degrees, by degree level and 
institution type: 1988 
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See appendix tables 2-1, 2-2, and 2-3. 
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other types of institutions stood out. For example, almost 
45 percent of the degrees awarded by liberal arts | 
schools were in S&E fields in 1988. Also, a third of the 
degrees in research II and doctorate-granting II schools 
were in these fields. In comparison, S&E degrees repre- 
sented 25 and 20 percent, respectively, of the degrees 
awarded by comprehensive I and liberal arts II institu- 
tions. About 43 percent of the degrees conferred by 
research I schools were in science and engineering. 

Historically black colleges and universities are vital to 
the undergraduate education of minorities in science 
and engineering. These schools comprise fewer than 
one-tenth of the number of institutions in the three 
Carnegie categories in which they are classified (com- 
prehensive I and II and liberal arts II). Yet, historically 
black colleges and universities account for about one- 
third of natural science and engineering (NS&E) bac- 
calaureates earned by minorities who are underrepre- 
sented in S&E (i.e., blacks, Native Americans, and 
Hispanics). In the aggregate, comprehensive I and II 
and liberal arts II schools graduate about 62 percent of 
minorities earning NS&E degrees. 


Masters Level 


About 65,000 S&E masters degrees were awarded by 
645 institutions in 1988. Comprehensive I schools made 
up the largest proportion of these masters-granting 
schools (43 percent); the next largest proportion (11 per- 
cent) was the research I category. 
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Following are brief descriptions of the Carnegie cat- 
egories used in this chapter (Carnegie 1987). 


Research !/: institutions that offer a full range of 
baccalaureate programs, are committed to graduate 
education through the doctorate degree, and give high 
priority to research. They receive at least $33.5 million 
annually in Federal support and award at least 50 
Ph.D. degrees each year. 


Research Il: institutions that offer a full range of 
baccalaureate programs, are committed to graduate 
education through the doctorate degree, and give high 
priority to research. They receive between $12.5 and 
$33.5 million annually in Federal support and award at 
least 50 Ph.D. degrees each year. 


Doctorate-granting |: in addition to offering a full 
range of baccalaureate programs, the mission of these 
institutions includes a commitment to graduate educa- 
tion through the doctorate degree. They award at least 
40 Ph.D. degrees annually in five or more academic 
disciplines. 


Doctorate-granting Il: in addition to offering a full 
range of baccalaureate programs, the mission of these 
institutions includes a commitment to graduate educa- 
tion through the doctorate degree. They award at least 
20 or more Ph.D. degrees annually in at least one disci- 
pline or 10 or more Ph.D. degrees in three or more dis- 
ciplines. 


Comprehensive !: institutions that offer baccalau- 
reate programs and, with few exceptions, graduate 
education through the masters degree. More than half 
of their baccalaureate degrees are awarded in two or 
more occupational or professional disciplines such as 
engineering or business administration. All of the insti- 
tutions in this group enroll at least 2,500 students. 


Classification of Academic Institutions 


Comprehensive Il: institutions that award more 
than half of their baccalaureate degrees in two or more 
occupational or professional disciplines, such as engi- 
neering or business administration, and may also offer 
graduate education through the masters degree. All of 
the institutions in this group enroll between 1,500 and 
2,500 students. 


Liberal arts I: highly selective institutions that are 
primarily undergraduate colleges that award more 
than half of their baccalaureate degrees in arts and sci- 
ence fields. 


Liberal arts Il: primarily undergraduate colleges that 
are less selective and award more than half their degrees 
in liberal arts fields. This category includes a group of 
colleges that award fewer than half their degrees in liber- 
al arts fields but, with fewer than 1,500 students, are too 
small to be considered comprehensive. 


Two-year community, junior, and technical col- 
leges: institutions that offer certificate or degree pro- 
grams through the associate degree level and, with 
few exceptions, offer no baccalaureate degrees. 


Professional schools and other specialized 
institutions: institutions that offer degrees ranging 
from the bachelors to the doctorate. At least half of the 
degrees awarded by these institutions are in a single 
specialized field. These institutions include theological 
seminaries, bible colleges, and other institutions offer- 
ing degrees in religion; medical schools and centers; 
other separate health profession schools; law schools; 
engineering and technology schools; business and man- 
agement schools; schools of art, music, and design; 
teachers colleges; and corporate-sponsored institutions. 


S&E masters degree production is most highly con- 
centrated in research I schools. Over two-fifths of the 
degrees awarded in 1988 were made by this type of 
school. By broad field, over half of engineering degrees 
and two-fifths of natural science degrees were from 
research I schools. In the social sciences and psychol- 
ogy, on the other hand, research I schools accounted for 
slightly more than one-quarter of degrees; comprehen- 
sive I schools accounted for another three-tenths. 


Doctorate Level 

The production of S&E doctoral degrees is concen- 
trated in fewer than 300 institutions. Almost 70 percent 
of these schools were research or doctorate-granting 
institutions. The 300 doctorate-granting institutions 
awarded almost 21,000 S&E degrees in 1988. 

Regardless of S&E field, research I schools produce 
the majority of S&E Ph.D. recipients. In 1988, more than 


two-thirds of natural science doctorates and almost 
three-quarters of engineering doctorates were conferred 
by research I institutions. Similarly, these schools 
accounted for over half of all social science and psychol- 
ogy doctorates awarded. 


Baccalaureate Institutions Attended by S&E 
Doctorate Recipients' 

Recent S&E doctorate recipients cited approximately 
1,400 U.S. colleges and universities as the sources of 
their undergraduate degrees. Using the Carnegie classi- 
fication to examine the types of source institutions 
indicates that these are concentrated in two major 


This section explores the baccalaureate origin institutions tor doctor 
ate-holders who received their S&E Ph.D. degrees in academic years 
1985-90. Cohorts were combined to ensure an adequate number of cases 
lor analysis. Data in this section are from SRS CGorthcoming {c}) 


categories. These categories—research and doctorate- 
granting institutions—accounted for about two-thirds of 
the baccalaureate degrees awarded to new doctorate 
recipients; interestingly, together they represented only 
about 15 percent of the 1,400 schools. 

Type of institution varied somewhat by field. For 
example, roughly half of the individuals who held Ph.D. 
degrees in either the computer sciences, agricultural sci- 
ence, or engineering received their bachelors degrees at 
a research university. Among psychology and social 
science Ph.D. recipients, on the other hand, about one- 
third earned baccalaureates from these schools. 

Although research and other doctorate-granting 
schools are the primary S&E baccalaureate origin insti- 
tutions of recent S&E Ph.D. recipients, non-doctorate- 
granting institutions are also significant. For example, 
about one-fifth of new Ph.D. recipients earned their 
undergraduate degrees from comprehensive institutions. 
These schools were especially prominent as institutional 
origins for Ph.D. recipients in the physical, biological, 
and social sciences and psychology. In addition, liberal 
arts colleges served as the baccalaureate origin institu- 
tions for 14 percent of new doctorate recipients. 


Undergraduate 
S&E Student Population 


Recent Trends in College Enrollments’ 


The composition of the undergraduate student body 
as a whole has changed markedly over the last 25 years. 
Increasingly over this period, higher fractions of under- 
graduates were 


e Older, 

¢ Female, 

e Attending school part time, 

e Attending 2-year institutions, and/or 


e Returning to school after an interruption in their 
studies. 


Larger fractions of these students contributed heavily 
to the unexpectedly high increases in undergraduate 
enrollment over the last decade. Many of these students, 
however, are less prone to earn bachelors degrees in 
S&E fields. Consequently, S&E degree production did 
not keep pace with growth in overall enrollment. Factors 
in this growth are described below. 

In the last two decades, undergraduate enrollment 
grew considerably faster than did the traditional under- 
graduate age group (18- to 21l-year-olds). Concurrent 
with the decline in this group was an increased demand 
for higher education by all age groups. The percentage of 


*This section discusses trends in undergraduate enrollments overall, 
not just in S&E programs. 
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18- to 24-year-olds enrolled as undergraduates rose from 
about 24 percent in the late seventies to 28 percent in 
1989. For 25- to 44-year-olds, the increase was propor- 
tional to that of the younger group, rising from 4.5 per- 
cent to 5.3 percent. 

Women are participating in postsecondary education 
in much greater numbers. By 1988, they comprised a 
greater share of undergraduate enrollment than they did 
of high school graduates: 54 percent versus 51 percent. 
Twenty years earlier, these percentages were 42 and 51, 
respectively. 

Part-time enrollment in undergraduate programs rose 
significantly between 1979 and 1989. More than two- 
fifths of undergraduate students were enrolled on a part- 
time basis, up from about one-quarter. This increase 
reflects three trends: (1) a rising tendency among older 
women to return to college after dropping out to start 
families and/or work full time, (2) an increase in 2-year 
college enrollments, and (3) an increase in students who 
either delay entry to college or extend the period of their 
studies past the traditional 4 years. 

Concomitant with growth in part-time enrollments is 
growth in 2-year college enrollments. More than half of 
the increase in undergraduate students was accounted 
for in 2-year institutions. In addition, the share of all 
undergraduates who were enrolled part time in 2-year 
schools rose from 11 to 27 percent. Female part-time stu- 
dents accounted for two-thirds of the increase. In 1989, 
females accounted for 16 percent of part-time students at 
2-year institutions, up from 5 percent in 1967. The 
increase in 2-year college enrollments of women reflects 
many factors, including the relative affordability of 2-year 
institutions and the larger number of evening classes 
offered by these schools. 

Finally, a greater number of students appear to be 
either returning to school after interrupting their studies 
or beginning their studies several years after graduating 
from high school. An indication of these trends is that the 
number of first-time freshmen at 4-year universities and 
colleges remained fairly level over the last two decades, 
even though overall enrollments increased dramatically. 


Characteristics of American College Freshmen‘ 


This section explores trends in the following selected 
characteristics of first-time full-time freshmen enrolled in 
4-year universities and colleges over the last 20 years: 


‘Data in this section are from the Higher Education Research 
Institute, University of California at Los Angeles, the American 
Freshmen Norm Survey, unpublished tabulations. Note that although 
the institutional population for this survey is drawn from all “eligible” 
institutions of higher education (i.e., all institutions that were operating 
at the time of the survey and had a freshman class of at least 25 stu- 
dents) listed in the annual U.S. Department of Education Education 
Directory, the actual sample is self-selected. For example, of the 2,725 
eligible institutions invited to participate in the 1989 survey, 599 
responded. Any biases that may result from this selection process are 
corrected in the stratification scheme. 
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e High school grades, 

e Parents’ education and occupations, 
e Planned majors, 

e Planned careers, and 

e Highest degree planned. 


High School Grades. In the last two decades, grades 
reported by freshmen who intended to major in a sci- 
ence or engineering field leveled off after an initial 
increase. For example, the average percentage citing 
their high school grades in the “mostly A or A+” range 
rose from 10 percent in 1971 to 20 percent in 1978 but 
remained around 20 percent through 1990. The percent- 
age of S&E students showing a B average or better has 
been about 80 percent since the early seventies. In com- 
parison, over most of the last two decades, the distribu- 
tion of grades reported by freshmen majoring in non- 
S&E fields was about 10 percent in the A range and 
about 70 percent in the B or better category. 


Parents’ Education and Occupations. Between 
1971 and 1990, there was a steady increase in the educa- 
tion levels of S&E freshmen’s parents. For example, the 
fraction of fathers who held bachelors degrees rose from 
22 to 23 percent, while the proportion of mothers who 
had earned these degrees increased from 18 to 23 per- 
cent. In addition, the proportion of fathers who held 
graduate degrees rose from 13 percent to 24 percent; for 
mothers, the increase was from 4 to 13 percent. 

Regarding parental occupations reported by S&E 
freshmen, virtually no change was evident between 1971 
and 1990 in the distribution of fathers’ occupations. 
There was, however, a shift in the fraction who reported 
that their mothers held professional jobs. While the pro- 
portion of mothers who worked as skilled or semi-skilled 
operatives remained steady at 5 percent throughout this 
period, the proportion working as lawyers, health profes- 
sionals, teachers, and clergy rose from 12 percent to 23 
percent. Mothers’ representation in business occupa- 
tions also increased, rising from 5 to 14 percent. 


Planned Majors.' The most notable changes in the 
planned S&E majors of college freshmen over the last 
two decades were in the fields of engineering, the com- 
puter sciences, and the social sciences. Interest in engi- 
neering as a probable major peaked in the early eighties, 
declined, and began to rise again at the end of the 
decade. Interest in the computer sciences also peaked in 
the early eighties but has not shown any recovery. In con- 
trast, majors in the social sciences have increased stead- 
ily after a two-decade low in 1983. (See figure 2-2 for a 
more complete picture of the changes in distribution of 
freshmen’s planned S&E majors.) Much of the rise in stu- 
dents planning to major in the social sciences and psy- 
chology is attributable to female freshmen. In 1990, about 


‘Data on agricultural sciences are not included in S&E fields for 
American freshmen. 
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55 percent of female S&E freshmen chose these fields of 
study, up from 39 percent in the early eighties. 
Examining intended majors by racial/ethnic group 
reveals that members of those minorities that are under- 
represented in S&E—blacks, Native Americans, and 
Hispanics—are less likely to choose an S&E field than are 
other groups. In 1990, about one-third of blacks, Native 
Americans, and Hispanics planned to major in an S&E 
field, while over two-fifths of Asian freshmen did so. By 
field, underrepresented minorities are more apt to choose 
social science or psychology fields; Asians are more 
inclined toward the physical sciences and engineering. 


Planned Careers. In 1990, engineering was the prob- 
able career chosen by the largest fraction of freshmen 
planning an S&E major (28 percent). Law (10 percent) 
and scientific research (6 percent) were the next most 
frequently cited occupations. (See figure 2-3.) Since 
1970, the proportions of S&E freshmen choosing these 
three careers have differed substantially. While the frac- 
tion choosing law practically doubled over the 20-year 
period, interest in scientific research careers dropped by 
a third. Interest in engineering careers, on the other 
hand, followed a pattern similar to those of freshman 
intentions and baccalaureate production in the field: 
Interest peaked in the early eighties, declined, and 
began to rise again in the latter part of the decade. 


Figure 2-2. 
Intended science and engineering majors 
of American freshmen 
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Differences in career plans emerge when examined by 
gender. For example, 40 percent of male freshmen 
chose engineering; another 6 percent planned a com- 
puter programming career. Among female freshmen, the 
proportions citing these career choices were about 12 
and 4 percent, respectively. Females were more inclined 
toward careers in psychology or social work than males 
(18 percent versus 2 percent). Females were also more 
likely to be undecided about their career plans than 
males (11 versus 7 percent). 


Highest Degree Planned. Interest in earning ad- 
vanced degrees edged upward among S&E freshmen 
over the last two decades. For example, the fraction plan- 
ning to earn a Ph.D. increased from 19 percent in the 
early seventies to 25 percent in 1990. In contrast, those 
who cited the baccalaureate as their highest degree 
planned fell from 31 to 19 percent. This general pattern of 
degree plans also existed among freshmen choosing non- 
S&E majors, although the largest increase for those stu- 
dents was in the proportion planning to earn a masters 
degree: 29 percent in 1971 to 42 percent in 1990. 


Engineering Enrollments 


In most fields, especially the sciences, students are 
not required to declare their majors until the second or 
third year. Exceptions to this general rule are engineer- 
ing and engineering technologies. Undergraduate pro- 
grams in these fields are often professional curricula that 
start in the first year. Surveys by the Engineering 


Figure 2-3. 
Probable careers of American freshmen in 1990 
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Manpower Commission provide trend data on full- and 
part-time engineering and engineering technology 
enrollments in both baccalaureate and 2-year programs.” 
Data on first-year enrollments in these fields provide 
early indicators of future degree production patterns as 
well as changes in student preferences toward engineer- 
ing study. 

Full-time enrollments in engineering programs rose 
from the late seventies until the early eighties and then 
fell sharply. In the fall of 1989, the number of freshmen 
enrolled in full-time engineering programs was about 
95,000, down from a high of more than 115,000 during 
1981 and 1982. (See figure 2-4.) Fluctuations in part-time 
enrollments indicate no consistent trend over the decade. 

Trends in engineering technology programs mirror 
those in engineering. First-year enrollments dropped 
after the early eighties, although these numbers appar- 
ently stabilized in the latter part of the eighties. Com- 
paratively, part-time enrollment in technology programs 
has been increasing during the last several years. 


S&E Baccalaureate Production‘ 


S&E bachelors degree production fluctuated during 
the 1980s. The number of S&E bachelors degrees 
awarded each year increased until about 1986, fell 
sharply in 1987 and 1988, and leveled off in 1989. Despite 
these fluctuations, people earning S&E baccalaureates 
accounted for increasingly larger fractions of the general 
population, rising from 68 per thousand 22-year-olds in 
1980 to 84 in 1989. 

In 1989, almost 308,000 bachelors degrees were award- 
ed in S&E fields; these represented about 30 percent of all 
degrees granted in the United States. Although the trend 
in overall S&E degree production varied considerably, 
S&E degrees as a fraction of total degrees did not change 
markedly over the decade. 

Annual growth rates of bachelors degrees within major 
S&E fields differed widely over the decade. (See figure 
2-5 and figure O-15 in Overview.) Between 1980 and 1989, 
the numbers of degrees awarded in the physical, environ- 
mental, and life sciences all declined; in contrast, comput- 
er science baccalaureates rose dramatically. 

Shorter term growth rates reveal a somewhat differ- 
ent picture. In the latter part of the eighties, 1985-89, 
degree production increased in the social sciences and 


‘Data are from Engineering Manpower Commission (1990). En- 
rollment data are collected on engineering programs approved by the 
Accreditation Board of Engineering and Technology. Upon successful 
completion of an engineering program, a student receives a bachelors 
degree or, in the case of a 5-year program, an engineering professional 
degree. Engineering technology programs are usually 2-year programs 
terminating in an associate degree; some technology programs, how- 
ever, do offer 4-year programs of study. 

"Data for bachelors degrees in S&E used in this section are from the 
National Center for Education Statistics’s Annual Survey of Earned 
Degrees; the data have been adapted to National Science Foundation 
field classifications. See SRS (1991). 
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psychology but declined in virtually all major natural sci- 
ence fields and engineering. 

In 1989, about four-fifths of the S&E baccalaureate 
degrees awarded were in science fields (240,000) and 
one-fifth in engineering (67,000). In the sciences, the 
largest fractions of degrees were in the social sciences 
(31 percent), life sciences (22 percent), and psychology 
(20 percent). 

Using data on probable major field of study reported 
by incoming freshmen as a barometer of future degree 
product'.:.. patterns indicates that current field trends 
may not continue.’ Interest in the social sciences as a 
major field of study peaked in 1988, stemming an 
increase that began in 1982. On the other hand, interest 
in engineering, which was on the decline, began to rise. 
For a more detailed discussion of the relationship 
between bachelors degree production and the intended 
majors of American freshmen, see “Relationship 
Between S&E Baccalaureate Production and Freshman 
Intentions,” p. 52. 


Degrees by Gender. The number of women earning 
bachelors degrees in S&E fields increased throughout 
the 1980s. This increase, coupled with a decline in S&E 
degree production among men since 1987, resulted in a 


‘Data are from the Higher Education Research Institute, University 
of California at Los Angeles, the American Freshmen Norm Survey, 
unpublished tabulations. 


Figure 2-4. 
Undergraduate enroliment trends for engineering 
and engineering technology programs 
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Figure 2-5. 
Annual change in science and engineering 
baccalaureates, by field: 1980-89 
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rise in the representation of female degree-holders— 
from 36 to 40 percent between 1980 and 1989. Women 
account for higher shares of science than enginecring 
degrees. For instance, in 1989, over 70 percent of 
psychology baccalaureates and more than 40 percent of 
those in mathematics, the life sciences, and the social 
sciences were awarded to women. In contrast, roughly 
15 percent of 1989 engineering graduates were female. 
Although women made gains in all S&E fields between 
1980 and 1989, the number earning degrees in some dis- 
ciplines began to fall at the end of the decade. In fact, 
from 1988 to 1989, the S&E baccalaureates earned by 
women declined in all fields except psychology and the 
social sciences. The largest declines were in the comput- 
er sciences and engineering. Degrees earned by males 
experienced similar declines over the 2-year period. 


Degrees by Racial/Ethnic Group.” |n 1989, almost 
34,000—10 percent—S&E bachelors degrees were 
granted to under epresented minorities (blacks, Native 
Americans, and Hispanics). In 1979, this number was 
about 30,000 (9 percent of total degrees). Although the 
number of degrees granted to underrepresented minori- 
ties in general increased from 1979 to 1989, the number 
awarded to blacks changed very little, falling from 18,700 
in 1979 to 18,400 in 1989. The rapid increases in engi- 
neering and computer science degrees earned by blacks 
over this period were countered by substantial declines 
in degree production in the life and social sciences and 
psychology. 


‘S&E degree data by racial/ethnic group are for U.S. citizens and 
permanent residents. 


Relationship Between S&E Baccalaureate 
Production and Freshman Intentions. This section 
discusses anticipated trends in degree conferrals in vari- 
ous undergraduate majors, a topic of interest for public 
policymakers and university officials. The discussion 
relies on intended majors reported by American first- 
time full-time freshmen; such data presage trends in sub- 
sequent bachelors degree conferrals, albeit more accu- 
rately in some fields than in others.° 

To determine the relationship between freshman inten- 
tions and baccalaureate production in S&E, the actual pro- 
portion of all bachelors degrees in a given field was com- 
pared to the proportion of first-time full-time freshmen in 
4-year institutions who indicated this field as their proba- 
ble major. A 3-year lag time was found to best reflect the 
actual lag from freshman year to bachelors degree."” 

As shown in figure 2-6, freshman intentions generally 
provide an accurate predictor of degree patterns in the 
natural sciences when computer science is excluded." 
The less accurate “fit” in computer sciences may he attri- 
butable to differences in the characteristics of students 
who choose to major in this field. Computer science 
majors tended to be older than average: it is thus possi- 
ble that a lower percentage of the students earning these 
degrees had been first-time freshmen 4 years earlier. 
Freshman intentions were not as accurate a predictor of 
absolute degree levels in engineering and the behavioral 
sciences, although they did serve as fairly successful 
leading indicators of trends. 

Data on the actual number of bachelors degrees 
awarded are only available through 1989. Using a 3-year 
lag, these data can be used to suggest future patterns in 
bachelors degrees through 1994. This data projection 
suggests that the long-term decline in the proportion of 
bachelors degrees awarded in the natural sciences 
should bottom out in 1990 and start to recover in 1991. It 
also suggests that downturns in the proportions of com- 
puter science and engineering degrees will bottom out in 
1991. Finally, the increased popularity in social science 
and psychology may peak in the 1991-92 period. 


Graduate S&E Student Population 
Recent Trends in Graduate Enrollments” 


Graduate enrollment in S&E fields rose steadily at a 
rate of almost 2 percent per year throughout the eight- 


“Data on choice of major by American freshmen were collected at a 
relatively aggregate level until 1977 (e.g., social and behavioral sci- 
ences) and subsequently at more disaggregate levels (e.g., subfields of 
social and behavioral sciences such as economics, political science, 
psychology, sociology, anthropology, and social work). This analysis is 
confined to data on freshman intentions since 1977. 

It might be expected that intentions expressed in the first few 
weeks of the freshman year would be best reflected in bachelors 
degree data of 4 or 5 years later. One interpretation of the appropriate- 
ness of the 3-year lag is that those factors that influence freshmen also 
influence sophomores, and most students do not have to commit to a 
major until their sophomore year. 

''In general, correlation coefficients fell between 0.95 and 0.97. 

"Data presented in this section are from the National Science 
Foundation’s Survey of Graduate Science and Engineering Students 
and Postdoctorates. See SRS (forthcoming [b}). 
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ies. By 1990, enrollment in these fields stood at about 
401,600. Much of the growth in S&E graduate enroll- 
ments was driven by large increases in the numbers of 
women and non-U.S. citizens entering these programs. 
(See “Enrollments by Gender,” p. 53, and “Foreign 
Students at U.S. Colleges and Universities,” pp. 58-59.) 

Enrollments in engineering rose much faster than in 
the sciences. Between 1980 and 1990, engineering 
enrollments increased at an annual rate of more than 3 
percent compared to about 1 percent in the sciences. 
Much of this growth in engineering occurred in the first 
half of the eighties. Between 1986 and 1990, the annual 
growth rate in the sciences (1.8 percent) exceeded that 
in engineering (1.2 percent). 

Over the long-term period, the only science field whose 
growth rate surpassed that of engineering was the com- 
puter sciences. Annual change among the other science 
fields ranged from a 0.3-percent decline (social sciences) 
to a 2.4-percent increase (mathematics). 

In 1990, the science fields accounted for 73 percent of 
S&E enrollments, down from 77 percent in 1980. This 
change was a result of the rapid increases in engineering. 
The most dramatic proportional shift over the decade was 
the drop in the social sciences. About one in four graduate 
students was enrolled in social science programs in 1980; 
by 1990, the ratio had fallen to fewer than one in five. 


Figure 2-6. 
Freshmen intentions as predictors of science 
and engineering bachelors degrees 
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First-Year Full-Time Enrollments. Slow growth in 
S&E enrollments overall may be partially explained by the 
very slow growth in first-year fulltime enrollments. These 
students represented about 28 percent of all full-time S&E 
graduate students in 1990, down from 32 percent in 1982 
(the earliest year for which comparable data are avail- 
able). Between 1982 and 1990, first-year enrollments 
increased at only about half the annual rate of total full- 
time enrollments: 1.0 percent per year compared to 2.1 
percent. First-year enrollments, however, began to turn 


sharply upward in 1989. 


Part-Time Enroliments. In 1990, about one out of 
every three graduate S&E students was enrolled part 
time. Since 1982, these enrollments—like first-year full- 
time enrollments—have been increasing at a somewhat 
slower rate than overall enrollments: 1.4 percent versus 
1.8 percent. 

Compared to graduate enrollment overall, part-time stu- 
dents are more highly concentrated in engineering, the 
social sciences, and the computer sciences. These fields 
accounted for 32, 22, and 13 percent of part-time S&E stu- 
dents, respectively. Overall, respective shares for these 
fields were 27 percent, 20 percent, and 9 percent. 


Enroliments by Gender. The number of women 
enrolled in S&E graduate programs rose significantly 
from about 94,800 in 1980 to almost 135,300 in 1990. By 
1990, about 34 percent of graduate S&E students were 
female, compared to 29 percent in 1980. Representation of 
women varied by field, however. (See figure 2-7.) The 
highest increases by women were in those S&E fields in 
which they historically have been the most underrepre- 
sented: the physical sciences, computer sciences, and 
engineering. Annual growth rates in these fields were 5, 9, 
and 8 percent, respectively. For men, respective growth 
rates in these fields were lower than 2 percent, 9 percent, 
and 3 percent. 

In contrast to the rapid growth in female S&E enroll- 
ment, enrollment of men grew very slowly overall and 
declined in several fields. For the 1980-90 period, the num- 
ber of male graduate students rose about 1 percent per 
year; the number of females rose 3 percent annually. By 
field, decreases in the number of men pursuing graduate 
work occurred in the environmental, life, and social sci- 
ences and in psychology. 


Enroliments by Racial/Ethnic Group.'' The number 
of U.S. citizen blacks, Native Americans, and Hispanics in 
S&E graduate programs increased from 20,900 in 1983 
(the earliest year for which comparable data are avail- 
able) to 24,400 in 1990. This change represents a growth 
rate slower than that of overall enrollments (1.4 percent 
versus 1.7 percent) but faster than that of total U.S. citizens 
(0.8 percent). Proportionally, these groups accounted for 
about 8.2 percent of S&E enrollments of U.S. citizens in 


“Data on S&E graduate enrollment by racial/ethnic group are only 
available for U.S. citizens. 
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1990, up from 7.5 percent in 1983. Growth patterns differed 
among racial/ethnic groups. (See figure 2-8.) Among 
blacks, for instance, enrollments declined until the mid- 
eighties and then turned upward; enrollment of Hispanics 
rose steadily throughout the decade. 

Underrepresented minorities were less likely to be 
enrolled in engineering than the sciences compared to 
other racial/ethnic groups. In 1990, 14 percent of blacks 
and 19 percent of Hispanics were in engineering pro- 
grams, compared to 22 percent of white and 38 percent 
of Asian graduate students. Within science fields, blacks 
and Hispanics were more highly concentrated in the 
social sciences. (See appendix table 2-11.) 


Masters Degree Production in S&E'' 


More than 66,000 persons earned masters degrees in 
S&E fields in 1989, representing about 21 percent of all 
masters degrees awarded in the United States. This pro- 
portion increased from 18 percent 10 years earlier. In the 
eighties, S&E masters degree recipients came to account 
for a larger fraction of the general population. In 1989, the 
number of S&E masters degree recipients per thousand 
24-year-olds was 16, up from 13 in 1980. 

Annual growth in S&E masters degree awards during 
the eighties was about 2 percent. By field, the rate in 
engineering (about 4 percent) was more than three 
times that registered in the sciences (1 percent). Among 
science fields, degree conferrals in the computer 


"Data for S&E masters degrees are from the National Center for 
Education Statistics’s Annual Survey of Earned Degrees; the data have 
been adapted to National Science Foundation field classifications. See 
SRS (1991). 
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sciences experienced the highest growth (10 percent per 
year) over the decade, although this growth slowed 
toward the end of the decade. For example, from 1988 to 
1989, degrees in this field were up less than 3 percent. In 
comparison, growth in science fields that had been slow 
throughout most of the decade began to turn upward 
more rapidly by the end of the eighties. For example, 
between 1980 and 1989, degrees in the physical sciences 
and psychology each rose at an annual rate of about 1 
percent; ever the 1988-89 period, growth in these fields 
increased 4 percent and 9 percent, respectively. 

Engineering degrees account for a greater percent- 
age of the degrees at the masters level than at the doc- 
torate level. (See figure 2-9.) In 1989, masters degrees 
in engineering represented about 36 percent of all S&E 
masters degrees; the computer sciences represented 
the largest portion of masters degree awards (14 per- 
cent) among the science fields. 


Degrees by Gender. As with baccalaureate produc- 
tion and S&E graduate enrollment, the number of 
women earning masters degrees rose faster than men. 
Degrees for women increased at an annual rate of 3.7 
percent per year compared to a 1.2-percent rate for men. 
In 1989, about 31 percent of S&E masters degrees were 
granted to women, up from 26 percent in 1980. 
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Women were much more likely than men to earn their 
degrees in science rather than engineering. They were 
also more concentrated in psychology and the life sci- 
ences. For example, in 1989, about 28 percent of 
women—compared to 6 percent of men—were granted 
masters degrees in psychology. In the life sciences, the 
percentages were 17 and 11, respectively. 


Degrees by Racial/Ethnic Group.’ Almost 3,500 
S&E masters degrees—7 percent of total—were earned 
by blacks, Native Americans, and Hispanics in 1989. 
Differences in growth patterns by the individual minority 
groups existed. For example, between 1979 and 1989, 
the number of blacks earning masters degrees in S&E 
fell from 2,000 to fewer than 1,700; concurrently, there 
was a steady increase among Hispanics, whose numbers 
grew from 1,000 to about 1,600. 

By S&E field, about 46 percent of blacks earned their 
degrees in either psychology or the social sciences; anoth- 
er 24 percent earned their masters degrees in engineering. 


“Data on masters degrees by racial/ethnic group are for U.S. citi- 
zens and permanent residents only. 
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These distributions changed substantially during 1979-89. 
For instance, in 1979, about 62 percent of blacks earned 
degrees in psychology and the social sciences, and 12 per- 
cent were granted engineering degrees. 


Doctorate Degree Production in S&E"’ 


The rate of growth in the number of S&E doctorates 
awarded exceeded that of total doctorate production 
between 1980 and 1990. The respective annual growth 
rates were 2.4 percent and 1.4 percent. In 1990, almost 
22,700 S&E doctorates were awarded, representing over 
three-fifths of total doctorate production by U.S. universi- 
ties and colleges. 

As at the baccalaureate and masters degree levels, 
degrees in engineering rose faster over the decade than 
those in the sciences (8 percent versus 5 percent). Much 
of the growth in engineering was attributable to signifi- 
cant numbers of foreign citizens earning these degrees. 
(See “Foreign Students at U.S. Colleges and Uni- 
versities,” pp. 58-59). Doctorate awards in engineering 
were up about 6.4 percent per year over the 10-year peri- 
od; in science fields, the rate was 2.4 percent. Growth in 
degree production accelerated in the latter half of the 
decade for both engineering and science. 

Within science fields, degrees in the computer sci- 
ences showed the highest growth with an annual rate of 
11 percent. The next highest growth rate was held by 
the physical sciences which registered a 3-percent annu- 
al increase. Degrees in psychology and the social sci- 
ences each rose fewer than 9.5 percent per year during 
the 10-year period. 


Degrees by Gender. In 1990, about 28 percent of 
S&E doctorates were granted to women, up from 22 per- 
cent a decade earlier. The fastest growing fields for 
women were the computer sciences and engineering. 
Despite rapid growth in these fields, however, almost 
three-quarters of female degree recipients earned 
degrees in psychology and the life and social sciences in 
1990. 

Of the more than 13,000 Ph.D. degrees earned by 
women in 1990, almost half were in S&E; of these S&E 
doctorates, almost three-fifths were in either the life 
sciences or psychology. Engineering degrees accounted 
for 7 percent of the S&E degrees awarded to women. 
Men, in contrast, were much more likely to earn their 
S&E doctorates in engineering (27 percent). 


Degrees by Racial/Ethnic Group.’ The number of 
S&E doctorates awarded to underrepresented minorities 
in 1990 was 831, or 6 percent of all S&E doctorates. Ten 
years earlier, this number was 559, or 4 percent of total. 
Virtually all of this growth resulted from an increase in 


Information on S&E doctorates granted in the United States are 
from the National Science Foundation’s Survey of Earned Doctorates. 
See SRS (forthcoming |a]). 

Data reflect U.S. citizens and permanent residents only. 


the number of Hispanics earning S&E doctorates: 213 in 
1980 to 451 in 1990. Among blacks, S&E Ph.D. awards 
rose from 319 to 340 over the decade. 

Blacks and Hispanics are much more heavily concen- 
trated in the sciences than in engineering. In 1990, near- 
ly 9 of every 10 S&E doctorates earned by members of 
these groups were in the sciences. The largest fractions 
of these science degrees were in psychology and the 
social sciences. 


Time to Degree.'* The number of S&E graduate stu- 
dents depends partly on the time it takes doctoral stu- 
dents to complete their Ph.D. degrees. Time to degree 
also influences students’ decisions to enier and complete 
doctoral training. For people who received both bac- 
calaureate and doctoral degrees from U.S. institutions, 
the average elapsed time between the dates of their 
bachelors and doctorate: degrees increased unevenly in 
10 of 11 S&E fields during the 1981-89 period. (See fig- 
ure 2-10.) The time gap between degrees continued to 
grow in 7 of these 11 fields over the last 3 years of that 
period. From 1974 to 1981, only the social and behavioral 
science fields showed increases in elapsed time, but dur- 
ing 1968-74 all fields experienced a sharp upward rise 
averaging ().7 years. For all S&E fields combined, aver- 
age time to degree rose by 1.6 years during 1974-89; con- 
currently, time enrolled in graduate school rose by 1.1 
years. 

A 1989 National Science Foundation (NSF) study found 
that this rise in lag time for S&E doctorate awards was not 
the result of factors usually associated with such a rise— 
i.e., reduced financial aid (particularly fellowships), mari- 
tal status, quality of the doctorate-granting institution, and 
gender.'’ Nor did changes in the aggregate tendency to 
switch fields after the bachelors or masters degree, switch 
institutions, or acquire a masters degree explain these 
increases. Although many of these factors were found to 
be important influences on an individual's time to degree, 
their aggregate influence was minor. 

Instead, the study found that changes in the real value 
of starting salaries for doctorate-holders and the percent- 
age of new doctorate recipients taking postdoctoral posi- 
tions were highly correlated with the increased average 
time to degree. The percentage taking postdoctoral 
appointments rose from 21 to 48 during the 1968-84 per- 
iod. This finding does not mean, however, that postdoc- 
toral appointments were the direct source of increased 
time to degree, but rather that the rising fraction taking 
these appointments represents a reduced incentive for 
all doctoral students to complete their degree work 
aggressively. 


“Time to degree” is the term used in NRC (1989). The annually 
representative time to degree has been calculated both as a median 
and as an average. See, for example, Bowen and Sosa (1989) and 
Nerad and Cerny (1991). 

The study covered 184,000 new S&E Ph.D. recipients (the majority 
of the new doctorates awarded from 1958 to 1987 in seven S&E fields). 
See PRA (1990), pp. 227-32. 
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Figure 2-10. 
Trends in elapsed time from bachelors to Ph.D. 
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Another factor was also recently identified as a definite 
source of the increase in time to degree.*’ Studies have 
found that if the number of graduate students entering 
doctoral programs declines for a period of time—which 
has been the case in several S&E fields—the eventual 
consequence of this decline is to increase the percentage 
of “slow finishers” among future Ph.D. graduating classes. 
The proportion of Ph.D. recipients in the social and behav- 
ioral sciences who required 10 or more years of elapsed 
time to finish their doctorates rose from 35 percent in 
1974 to 60 percent in 1989; this proportion remained at 25 
percent in engineering, chemistry, and physics. 

Several fields experiencing increases in time to degree 
during 1974-81 also experienced large declines in the 
(approximate) percentages of bachelors recipients who 
were completing doctoral work. In these fields, these 
declining percentages indicate that new students may 
have been discouraged about pursuing further study, 
especially those who had the bulk of their time invest- 
ment ahead of them. Since the early eighties, however, 
there has been no further tendency for doctorate awards 
to decline as a percentage of bachelors degree produc- 
‘ion in eight of the nine fields shown. (See figure 2-11.) 


“This discovery was made both within NSF and by Bowen and Sosa 
(1989). 
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Major Sources of Financial Support 


Indicators of the health of undergraduate and gradu- 
ate education are changes in patterns of support from 
Federal and other sources, the choices available among 
mechanisms of support, and—at the graduate level—in 
the number of Federal agencies that provide graduate 
S&E student support. These indicators are described in 
the following paragraphs. 


Financial Support Reported by College 
Freshmen: 


During the eighties, American freshmen relied 
increasingly on their parents or other relatives for financ- 
ing their education. In 1990, more than three-fifths of 
freshmen who planned to major in an S&E field reported 
receiving $1,500 or more from these sources, up from 
fewer than two-fifths in 1980.*° This trend was also evi- 
dent among freshmen planning to major in non-S&E 
fields: The number of students reporting reliance on this 
source of support rose from 39 to 61 percent. 


-'Data in this section are from the Higher Education Research 
Institute, University of California at Los Angeles, the American 
Freshmen Norm Survey, unpublished tabulations. 

“Note that the $1,500 lower limit used in the American Freshmen 
Norm Survey has not been adjusted for inflation. In constant 1990 dol- 
lars, this $1,500 in 1990 represented about $440 in 1970. 


Figure 2-11. 
Ratio of Ph.D. awards to bachelors degrees lagged 
by average time to degree 
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Two other sources that grew in importance over the 
decade were students’ personal savings (7 percent to 
more than 17 percent) and college grants and scholar- 
ships (7 percent to almost 19 percent). Throughout the 
decade, the fraction that reported Federal loans as a 
source of financing remained about the same. Around 18 
percent of American freshmen reported receiving at least 
$1,500 from either Federal guaranteed student loans or 
national direct student loans in both 1980 and 1990. 


Support of S&E Graduate Students* 


Graduate students are less likely than undergraduate 
students to finance the largest fractions of their educa- 
tion from personal or family resources. Federal and insti- 
tutional sources play a much more prominent role in 
financing their studies. 


Sources of Support. Three broad categories of sup- 
port represent the majority of the reported funding 
sources for graduate S&E students: 


e Federal sources, 


e Non-Federal sources such as academic institutions 
and private industry, and 


¢ Self-support. 


Of these, non-Federal sources of support increased most 
rapidly, registering an annual rate of about 3 percent, 
during the 1980s. (See figure 2-12.) For comparison, 
total full-time S&E graduate enrollment increased about 
2 perc nt per year between 1980 and 1990. (See 
appendix table 2-20.) Increased support from non- 
Federal sources played the most crucial role in engineer- 
ing and the computer sciences. 

Federal support of graduate S&E students declined 
somewhat during the early eighties but turned strongly 
upward by mid-decade for some fields. This late eighties 
increase in Federal support was most evident in engi- 
neering, the life sciences, mathematics, and the comput- 
er sciences. Between 1986 and 1990, annual rates in 
these fields ranged from 4 percent (engineering and life 
sciences) to almost 8 percent (mathematics). 

Not all fields, however, were affected by the resur- 
gence in Federal support. In the social and environmen- 
tal sciences, for example, the number of federally sup- 
ported graduate students continued to decline as sharply 
as it had in the early eighties. Moreover, increases in 
support from non-Federal sources for these fields did not 
keep pace with declines in Federal sources of funding. 

Different svowth patterns in support sources resulted 
in a shift in the mix of these sources between 1980 and 


“Many students fund their graduate education using several differ- 
ent sources of financial aid, some of which are noi reported. 
Consequently, although the data in this section represent a majority of 
support sources, they do not represent all sources. 

Data in this section on sources and mechanisms of support among 
graduate S&E students are for those enrolled full time. See SRS (forth- 
coming [b]). 
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Figure 2-12. 
Trends in sources of financial support for 
science and engineering graduate students 
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1990. The proportion of students who reported support 
from non-Federal sources rose from 48 to 53 percent. 
Overall, the fraction of students who received Federal 
support fell slightly, dropping from 21 to 20 percent. 
Percentages varied, however, by science field. The pro- 
portional change in self-support over the decade was 
from 31 to 27 percent. 


Mechanisms of Graduate Student Support. Mech- 
anisms of financial assistance fall into four major cate- 
gories: 


¢ Fellowships—usually received directly by students 
from sources other than the academic institution, 


¢ Traineeships—competitive awards usually given by 
the institution, 


© Teaching assistantships, and 
© Research assistantships. 


During the 1980-90 period, the highest growth rate 
among support mechanisms was for research assis- 
tantships, which increased at an annual rate of more than 
4 percent. As a result of this growth rate, the share of 
graduate students supported by this mechanism 
increased from 23 to 29 percent. Fellowships and teaching 
assistantships each rose about 2 percent a year. Finally, 


the number of traineeships declined until about 1986; by 
1990, however, the number of students supported by this 
mechanism had almost recovered its 1980 level. 

Types of support mechanism differ among major S&E 
fields. In 1990, research assistantships supported the 
largest portion (roughly two-fifths) of students in the 
physical, environmental, and life sciences and in engineer- 
ing. Teaching assistantships made up the bulk (about 56 
percent) of support received by mathematics students. In 
contrast, other sources of support (a category including, 
for example, Federal student loans) accounted for the 
largest shares of support for students in psychology (59 
percent) and the social sciences (48 percent). 


Support Mechanism by Source. Types of support 
mechanisms also vary between Federal and non-Federal 
sources. (See figure 2-13.) For example, Federal agen- 
cies provide a majority of their support in the form of 
research assistantships. In 1989, more than four of five 
students funded by NSF were supported by research 
assistantships.*‘ Comparatively, 28 percent of those 
receiving non-Federal support were on research assis- 
tantships; 45 percent held teaching assistantships. 

Shifts occurred over the 1980-89 period in the types of 
support mechanisms used by the Federal and non- 
Federal sectors. In general, research assistantships 
increased in significance for both sectors. Concurrently, 
federally sponsored traineeships and nonfederally fund- 
ed fellowships and teaching assistantships dropped off. 
(See appendix table 2-22.) 


Support of Recent Ph.D. Recipients.”’ Graduates of 
doctoral S&E programs were supported by a number of 
different sources, primarily by universities. For example, 
of the 22,700 persons who earned Ph.D. degrees in S&E 
fields in 1990, over 18,100 reported at least some finan- 
cial support from. iheir institutions. Research and teach- 
ing assistantships were chief among the mechanisms of 
university support. 

Academic institutions were cited as the major support 
source by Ph.D. recipients in all S&E fields. By field, this 
source played a somewhat larger role in financing 
degree programs in natural science fields; new doctorate 
recipients in psychology were less likely to rely on insti- 
tutional support. 

Among other support sources, roughly 9,000 of the 
22,700 new S&E doctorate recipients indicated that their 
own earnings supported a portion of their education. 
Ph.D. degree recipients in psychology were most likely 
to rely on self-support. 


international S&E Education 
Viewing higher education in science and engineering 
internationally may be done from a number of perspec- 


“Information for 1990 on support mechanism by source was not 
available as of this writing. 

“Data in this section are from NSF's Survey of Earned Doctorates, 
unpublished tabulations. 
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Figure 2-13. 
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tives. This section presents two aspects of this topic. 
First, the number of foreign students studying in U.S. 
universities and colleges is examined. Second, compar- 
isons in baccalaureate production in natural science and 
engineering degrees are made across several different 
countries. 


Foreign Students at U.S. Colleges and 
Universities 


Graduate S&E Enrollment. Participation of foreign 
citizens in S&E graduate programs at U.S. academic insti- 
tutions rose dramatically during the eighties from about 
20 percent of the total in 1983 (the earliest year for which 
comparable data are available) to 26 percent in 1990. 
There were almost 102,500 foreign students enrolled in 
S&E graduate study in 1990, up from 70,600 7 years earli- 
er. In comparison, the number of U.S. citizens enrolled 
rose from about 279,000 to almost 299,100. 

By field, foreign enrollment grew fastest in the com- 
puter, physical, and life sciences. Annual growth in these 
fields was between 7 percent (physical sciences) and 10 
percent (computer sciences) during the 7-year period. At 
about 3 percent per year, the slowest growth rate was in 
the social sciences. Enrollment of U.S. citizens increased 
fastest in the computer sciences (4 percent). These dif- 
fering growth patterns resulted in a higher representa- 
tion of foreign students in almost all S&E graduate pro- 
grams. (See figure 2-14 and figure 0-17 in Overview.) 


Science & Engineering Indicators — 1991 


Foreign citizens tend to be concentrated in different 
fields of study than are U.S. citizens. For example, 
almost 37 percent were enrolled in engineering com- 
pared to 24 percent of U.S. citizens in 1990. Similarly, for- 
eign students were more often in physical and computer 
science studies; U.S. citizens tended more toward the life 
and behavioral sciences. Thus, about 16 percent of U.S. 
graduate students were in psychology programs; less 
than 2 percent of foreign enrollment was in this field. 


S&E Doctorate Recipients. Data on new S&E doc- 
torate recipients reveal a more detailed picture of partici- 
pation by foreign citizens in U.S. graduate education. 
Much of the increase in S&E doctorate production dur- 
ing the eighties was attributable to increases in the num- 
ber of temporary residents earning these degrees. 
Between 1980 and 1990, the number of S&E doctorates 
granted rose from 17,500 to 22,700. Degrees to tempo- 
rary residents accounted foi almost 70 percent of this 
increase. By 1990, about 22 percent of Ph.D. program 
graduates were on temporary visas; another 5 percent 
held permanent visas. 

The representation of foreign citizens among S&E 
doctorate recipients varies considerably by field of 
degree. (See figure 2-14.) About one of every two Ph.D. 
recipients in mathematics and engineering studied in the 
United States on a temporary visa. In contrast, only 
about 1 in 20 Ph.D. recipients in psychology was a tem- 
porary resident. 


Figure 2-14. 
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Comparisons of U.S. and non-U.S. citizen growth rates 
and distributions of doctoral degrees by SKE field reveal 
a pattern similar to that of S&E graduate enrollment. 
During the eighties, annual growth rates in the numbers 
of temporary residents exceeded those of U.S. citizens in 
all fields. For U.S. citizens, the numbers earning degrees 
in mathematics, the life sciences, psychology, and the 
social sciences showed declines. By S&E field, tempo- 
rary residents were much more likely to receive degrees 
in engineering than were U.S. citizens. In 1990, about 35 
percent of temporary residents and 14 percent of U.S. cit- 
izens earned their degrees in this field. 

Most of the foreign citizens earning S&E doctorates 
are Asian. About 64 percent of temporary residents in 
1990 were Asian; 23 percent were white. These propor- 
tions have changed significantly over the last decade. In 
1980, about 45 percent of temporary residents were 
Asian and 34 percent were white. 


International Comparisons in Higher 
Education 


Educational trends over the last 15 years in four world 
regions reflect a shift in global human resources for sci- 
ence from developed to developing countries.”’ Available 
data on bachelors degrees in natural science and engi- 
neering fields illustrate this shift.-- (See figure 2-15.) 
Developing countries such as China are producing a 
growing share of the world’s NS&E degrees.” 

According to these data, the Asian region (even con- 
sidering only six countries) surpassed the USSR region 
after 1986 in production of NS&E bachelors degrees. In 
engineering, the USSR is still the highest regional pro- 
ducer of bachelors degrees in the world. In the natural 
sciences, North America and the USSR have both 
declined slightly in the last few years, while Asia and 
Europe have increased in annual degrees. 


“Data in this section on degrees by country are for NS&E fields 
only. Natural science fields include mathematics and the physical, bio- 
logical, environmental, agricultural, and computer sciences. 

Countries in North America for which data were available for com- 
parisons include the United States and Canada; Western European 
countries include France, Italy, Sweden, the United Kingdom, and 
West Germany (West German degree data do not include data tor East 
Germany). Selected Asian countries include China, India, Japan, 
Singapore, South Korea, and Taiwan. The USSR contains all 15 
republics. Therefore, the comparisons are among limited data sets of 
three world regions ane one complete region (the USSR). 

“The data base usec here was developed from 15-year time series 
on university enrollmet (s and graduates in NS&E fields, obtained from 
UNESCO's Division ¢! Statistics. UNESCO data were updated and 
adjusted, and missing years added, with national educational statistics 
from each country over the same time period (1975-89). (See “Reter- 
ences,” pp. 62-63, for country data sources.) National statistics were 
then reclassified using NSF field taxonomies. In this chapter, first uni- 
versity degrees of other countries are referred to as bachelors degrees. 

Some of the increase in Asian bachelors degrees in the early eight- 
ies reflects the Chinese universities reopened in the late seventies and 
the surge of young people who entered universities or returned to 
complete science programs that had been interrupted during the 
Cultural Revolution. 
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Grouping countries by stage of development rather 
than by geographic region highlights differences in bach- 
elors degree growth rates. (See text table 2-2.) During 
1975-88, five Asian developing countries more than dou- 
bled their annual number of NS&E bachelors degrees 
awarded. The developed countries increased their annual 
bachelors degrees by 16 percent. In 1988, the developed 
countries led in the share of bachelors degrees. However, 
given demographic patterns in Asian countries, they have 
the capacity to reverse this order and rapidly surpass 
developed countries in human resources for science. 


Bachelors Degrees in the Natural Sciences. The 
USSR and the United States show declines in natural sci- 
ence graduates over the 15-year time period. (See figure 
2-16.) Canada is steadily increasing in natural science grad- 
uates. Within Europe, only the United Kingdom has 
declined in natural science degrees since 1982. All other 
European countries have grown in natural science degrees. 
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The high number of bachelors degrees in the natural 
sciences in Asia is largely accounted for by India. India is 
the world’s foremost educator of natural scientists; since 
the early seventies, it has annually produced more bach- 
elors degrees in these fields than has the United States. 
India’s preference for basic sciences is shown in the 
high ratio (0.26) of natural science degrees to total de- 
grees. (See appendix table 2-28.) China will also be a 
main producer of natural science degrees for the Asia 
region. With about 40,000 degrees annually, China pro- 
duces slightly fewer than one-third of the degrees that 
India produces. 


Bachelors Degrees in Engineering. |n the USSR, 
most higher education degrees are given in technical 
fields: about 36 percent of all degrees granted in this 
country were in engineering in 1988. In 1986, engineer- 
ing degrees began to decline annually in the USSR, but 
there are still over 280,000 such degrees granted per 
year. (See figure 2-17.) These engineering graduates 
receive technical training in highly focused engineering 
subspecialties, such as industrial lathes. This training is 
very different from the general and theoretical engineer- 
ing education of other countries, where engineering 
principles can be applied to new products and processes. 


Text table 2-2. 
Annual growth rates in natural science and engineer- 


ing NS&E degrees in developed and developing 


countries: 1975-88 
Natural 
NS&E science Engineering 
— Percent meee 

in ea600ee0eees 3.0 2.4 2.9 

Developed countries 1.1 1.1 1.2 
CES Gs e ese 4.2 41 4.3 
ere 40 49 3.5 
ree 1.8 1.2 1.3 
i cdo 6 0ceeeee 0.9 1.4 0.8 
Sweden.......... 2.7 3.2 25 
United Kingdom .... -0.5 -0.3 -8.0 
United States ...... 2.5 1.0 5.0 
West Germany ..... 5.3 5.6 5.9 
EC Shoe ecctees 0.8 0.6 0.3 

Developing Asian 

countries.......... 5.2 4.1 6.6 
i citbecedicce 6.9 5.0 7.8 
Es iets vbeueest 3.3 3.0 5.3 
Singapore......... 11.0 8.1 14.4 
South Korea....... 11.3 11.2 11.1 
Taiwan........... 3.6 3.8 3.7 


NOTE: Growth rates were computed with time trends on latest avail- 
able 10 to 15 years of data; for developing Asian countries total and for 
China, growth rates were computed with time trends on last 5 years. 
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Figure 2-16. 
Trends in natural science bachelors degrees, 
by selected country 
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Both Canada and the United States peaked in engi- 
neering degree production in 1985, and their numbers 
have since been decreasing. In European countries, only 
the United Kingdom has declined in engineering gradu- 
ates. Europe overall, like Asia, has increased its number 
of graduates, but from a smaller base than Asia. 

China and Japan are the main producers of engineer- 
ing degrees for the Asian region. China has the highest 
number, with 93,000 graduates in 1987. Japan has the 
second highest production of engineers, with 77,000 
graduates that same year. However, Japan has been pro- 
ducing approximately this number of engineering gradu- 
ates for over 10 years, whereas the number of degrees in 
China is beginning to increase. In South Korea, the 
increasing number of engineering degrees has recently 
leveled off; for the past 3 years its degrees have 
remained stable. 


Demographics. \he share shift in global human 
resources for science in these four world regions is 
reflected in the demographic trends of their 20- to 24- 
year-olds. (See appendix table 2-27.) Almost every coun- 
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try that increased its production of bachelors degrees in 
natural science and engineering did so with a growing 
college-age population. Only West Germany managed to 
increase NS&E degree production (5-percent growth 
rate over 15 years) with a declining college-age popula- 
tion since 1985.“ The United States, the USSR, and the 
United Kingdom had a smaller pool of 20- to 24-year-olds 
and a falloff in technical degree production. The decline 
in college-age population in the USSR ended in 1990. 


Participation Rates in S&E Education. Among all 
countries, the USSR had the highest percentage of 22- 
year-olds who received bachelors degrees in natural sci- 
ence or engineering. (See figure 2-18.) Even with a slight 
decline over the last few years, over 8 percent of this age 
group in the USSR received technical degrees. Among 
Western countries, the United States had the next high- 
est percentage of technical degree recipients among its 


West German demographic data combine the 20- to 24-vear-old age 
groups of the united Germany. West German degree data, however, 
are for the former West Germany only. 


Figure 2-17. 
Trends in engineering bachelors degrees, by 
selected country 
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young people, approximately 5 percent. The United 
Kingdom dropped its participation rate in technical 
degrees during the eighties from 4 to 3 percent. France, 
Italy, and West Germany increased the percentage of 
their young people receiving technical degrees from 
between 1 and 2 percent to between 2 and 3 percent. 

Japan’s high percentage of young people obtaining 
NS&E degrees (6 percent) fell slightly in the last few 
years, as both preferences for natural science and engi- 
neering and the college-age population declined. Most 
Asian developing countries increased the percentage of 
22-year-olds receiving NS&E baccalaureates over the 15- 
year time period. South Korea dramatically increased its 
NS&E degrees from 2 to 6 percent of its young people. 
Taiwan increased its NS&E degree awards from 2- to 3- 
percent for its college-age population over the last 
decade. 

China and India, with their huge populations, are 
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Figure 2-18. 
Natural science and engineering bachelors degrees as 
a percentage of 22-year-olds, by selected country 
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maintaining their participation rates of 0.5 percent and °1975 1977 1979 1981 1983 1965 1987 
1.09 percent, respectively. If China and India continue to 
maintain these rates, global human resources for science See appendix table 2-26. Science & Engineering Indicators - 1991 
would be greatly augmented. 
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Science and Engineering Workforce 
HIGHLIGHTS 


industrial Job Patterns 

¢ Employment growth of scientists and engineers in 
nonmanufacturing industries, primarily the ser- 
facturing during much of the 1980s. Between 1980 
and 1989, the number of science and engineering 
(S&E) positions in nonmanufacturing industries rose 
at an average rate of 4.5 percent annually, reaching 
920,000 in 1989. Manufacturing industries also 
increased their utilization of S&E personnel. Between 
1980 and 1989, the number of S&E positions in manu- 
facturing industries increased at an average annual 
rate of 3.2 percent. See pp. 68, 69. 


The 1980-89 S&E job growth in manufacturing 
ent factors. In nonmanufacturing, S&E occupations 
increased their share of total jobs (from 1.4 percent in 
1980 to 1.5 percent in 1989) and also benefitted from 
substantial economic growth as reflected in a 31-per- 
cent increase in total jobs. As a result, S&E job oppor- 
tunities in nonmanufacturing increased by almost 50 
percent during the eighties. In manufacturing, growth 
in S&E positions stemmed from an increased share of 
declining total manufacturing jobs. See pp. 68, 69. 


Computer specialists, the fastest growing major 
S&E occupational group over the decade, reached 
318,000 in 1989—more than all other scientist oc- 
cupations combined. Computer specialists almost 
doubled their numbers in both manufacturing and 
nonmanufacturing industries (to 103,000 and 216,000, 
respectively). Most of this growth was due to the rapid 
expansion of the business services industries, primar- 
ily computer and data processing services. See p. 70. 


Over 60 percent of the 1.35 million private 
industry engineers were employed in the manu- 
facturing sector in 1989. However, the nonmanu- 
facturing sector had a higher average annual growth 
rate in engineering jobs over the 1980-89 decade than 
did manufacturing —4.5 versus 3.2 percent. Electrical/ 
electronic engineering was the largest specialty in 
both manufacturing (where it accounted for 32 per- 
cent of the sector’s total engineering jobs) and non- 
manufacturing (33 percent). See p. 70. 


Demographic Trends in S&E Employment 


¢ In 1990, the median annual salaries of recent fe- 
male baccalaureate recipients employed as scien- 
tists and engineers were approximately 73 percent 


of the salaries of their male counterparts. This dif- 
ference in salaries is largely due to the concentration of 
women in relatively low-paying scientific fields. In fact, 
for many of the engineering fields, women report higher 
salaries than men. See p. 74. 


In 1989, the population of doctoral scientists and 
engineers was about 485,000, an increase of 4 
percent per year since 1977. Over this period, the 
annual rate of retirement for doctoral scientists and en- 
gineers increased from about 0.5 percent between 
1977 and 1979 to 0.8 percent between 1987 and 1989. 
The effect of this change was a dramatic increase in 
the proportion of the doctoral scientist and engineer 
population who were retired—from 3.2 percent in 1977 
to 5.6 percent in 1989. Most of this increase occurred 
after 1985, when retirees accounted for 3.5 percent of 
the S&E doctoral population. See pp. 75-76. 

Doctoral scientists and engineers had little trouble 
finding work during the 1977-89 period; their re- 
ported unemployment rate ranged from 1.2 per- 
cent in 1977 to less than 1 percent in 1989. By 
contrast, the overall unemployment rate in the United 
States was 5.3 percent in 1989, while for professional 
workers it was 1.7 percent. The rate for scientists and 
engineers at all degree levels combined was 1.5 percent 
in 1988. See p. 76. 


Labor Market Supply and Demand 
¢ The 1990s should be a period of relative stability 


in overall S&E labor markets. In contrast, during 
the early to mid-1980s, many S&E fields experienced 
temporary shortages due to the defense buildup of the 
period. Various demand scenarios have been pro- 
cessed to examine how alternative national economic 
growth patterns might affect S&E employment. 
Supply side simulations have been run to test the abili- 
ty of the supply system to respond to these demand 
scenarios. See p. 79. 


Immigration 
¢ In 1988, 11,000 scientists and engineers immi- 


grated to the United States. Almost one-half of 
these immigrants came from Asia—three times the 
amount that came from Western Europe. The largest 
numbers of immigrants came from India, Taiwan, 
The Philippines, and the United Kingdom, each of 
which accounted for more than 750 such immigrants. 
See p. 83. 
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Introduction 


Chapter Focus 


The 1980s witnessed substantial growth in demand for 
workers in science and engineering (S&E) activities. 
New and expanded programs in research and develop 
ment (R&D), defense, health, and higher education all 
contributed to this growth. There was also a shift in this 
decade in the industrial demand composition for S&E 
personnel, as nonmanufacturing industries began to 
overtake manufacturing ones as the major employment 
sector. These changes were generally accomplished 
through a flexible labor force and an educational system 
capable of providing the personnel and training required. 
An increasing use of foreign origin personnel was also a 
significant factor in meeting the demand, especially at 
more advanced levels. 

The Nation’s S&E workforce will face new and differ- 
ent challenges during the nineties. Demand for new 
S&E workers is expected to increase at a slower pace 
than that experienced during the 1980s; however, 
employers will need larger numbers of replacements for 
attrition from the overall growing S&E labor force. 

On the supply side, concerns exist about the impact of 
a declining college-age population on future levels of 
new S&E graduates. If the fall in the number of S&E 
bachelors degrees awarded between 1986 and 1989 con- 
tinues into the nineties, industry will have to rely more 
heavily on sources other than new graduates to fill their 
needs. Employers will need to focus more of their efforts 
on retaining and retooling their current workforce. 
These and other factors will together determine the 
future balance of the S&E labor market. 


Chapter Organization 


This chapter examines past and projected growth of 
S&E jobs in the industrial sector, which forms the core 
of demand for S&E occupations (about two-thirds of total 
S&E employment). Information on the educational 
attainment of the science and engineering workforce is 
also presented. Finally, comparative data on interna- 
tional S&E employment are provided. 


industrial S&E Job Patterns 


In 1989, U.S. private industry provided jobs for nearly 


Analyses in this section are based on data from the Occupational 
Employment Statistics (OES) Survey conducted annually by the 
Bureau of Labor Statistics. This large, establishment-based survey col 
lects information on employment in S&E jobs. The individuals holding 
these jobs need not be formally trained in S&E but rather can have the 
equivalent of 4 years of training in a related S&E field. 

Note that the OES data do not necessarily classify S&E personne! 
engaged in management as part of the S&E workforce. In the OES 
Survey, management is a unique occupation; in other surveys refer- 
enced in this chapter, management is a permissible S&E job function 

Annual data reported in this section are based on estimates gener 
ated by the National Science Foundation. For an explanation of the 
OES Survey and S&E job estimating methodology, see SRS (1990a), 
appendix A. 
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2 million scientists and engineers.- This total represent- 
ed 2.4 percent of all private industry employment, up 
from 2.1 percent in 1980. Since the 1950s, industrial 
employment patterns for scientists and engineers have 
shifted significantly, with strong growth in the 1950-70 
period, stagnation and decline in the early and mid-sev- 
enties, resurgence in the late seventies through 1980, 
and generally falling rates of growth since 1981 (SRS 
1988a, p. 2). 

S&E employment has continued to exceed the growth 
rate of the total industrial labor force. Between 1980 and 
1989, the number of S&E jobs in private industry in- 
creased at almost twice the rate for all workers. (See fig- 
ure 0-8 in Overview.) These trends were accompanied by 
major changes in the industrial sector and occupational 
mix of S&E employment. Most strikingly, the concentra- 
tion of industrial S@E employment has gradually shifted 
from manufactui ing to nonmanufacturing since the late 
1960s. (See figure 3-1.) This shift reverses the prior trend 
in relative shares: Between 1950 and 1967, the rate of 
S&E job growth in manufacturing industries exceeded 
that in nonmanufacturing. This section delineates other 


In this section, “private industry” does not include hospitals and 
other health services, membership organizations, and other nonprofit 
industries. 


Figure 3-1. 
Distribution of science and engineering jobs 
in private industry 
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SOURCES: 1967: Science Resources Studies Division, National Sci- 
ence Foundation, "Services Led in Private industry Growth in Science/ 
Engineering Jobs," NSF 88-304 (Washington, OC: NSF, 1988). and 
appendix table 3-1 
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specific growth and occupation trends within these two 
industrial sectors.* 


Manufacturing Industries 


About 200,000 scientists and 800,000 engineers—52 
percent of the total industrial S&E labor force—were 
employed in manufacturing industries in 1989. During 
the eighties, S&E employment grew in most manufactur- 
ing industries at an average annual rate of 3.2 percent. 
High-tech manufacturing industries, particularly the 
aerospace industries, accounted for much of the mainte- 
nance and increase in the sector's S&E job growth. (See 
chapter 6, “Performance of New High-Tech Companies,” 
p. 158.) Factors contributing to the generation of high- 
tech employment included 


e Increases in defense spending, 
¢ Greater foreign technological competition, 
e Pressure to increase productivity, 
© High-technology capital investment, and 
e Increased R&D expenditures. 
(NSF 1988a, p. 3.) 


Growth in S&E Versus Non-S&E Employment. 
The relative growth rates in employment of S&E and 
non-S&E personnel in manufacturing industries have 
varied substantially during the eighties, particularly dur- 
ing the 1981-82 recession. (See figure 3-2.) While total 
manufacturing employment declined at an average rate 
of 3.1 percent per year between 1980 and 1983, the num- 
ber of S&E positions in this sector rose by over 3.0 per- 
cent per year. Both S&E and total manufacturing 
employment rebounded—by 4.4 and 0.9 percent, respec- 
tively—between 1983 and 1986. The 1986-89 changes 
were a 2.3-percent average annual increase for S&E posi- 
tions and, again, less than a l-percent increase per year 
for all employees. In 1989, S&E positions represented 
slightly more than 5 percent of all manufacturing jobs. 


Employing Industries. |n 1989, the manufacturing 
industries employing the largest numbers of scientists 
and engineers were 


e Aerospace, with 183,000 S&E jobs; 

¢ Instruments and related products, 137,000; 
Chemicals and allied products, 113,000; and 
Office and computing equipment, 97,000. 


(See figure 3-3.) 

The sector's largest S&E employer, the aerospace 
industry, experienced fairly rigorous growth in its S&E 
employment throughout the early and niid-1980s, before 
falling off in the latter part of the decade. Between 1980 


‘S&E occupational data discussed in this section are limited to 
Standard Industrial Classification industry groupings 
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and 1983, strong demand for U.S. missiles and military 
aircraft and consistent levels of space-related activities 
more than offset dwindling employment in the produc- 
tion of civil aircraft. These factors allowed S&E employ- 
ment to rise at a rate of 5.3 percent per year. The aero- 
space industry experienced even more robust S&E job 
growth in the mid-eighties, with the number of S&E 
positions increasing by more than 10 percent annually 
between 1983 and 1986. This growth was buoyed by con- 
tinued expansion of military orders and the production 
of large commercial aircraft. More recently, from 1986 to 
1989, annual S&E job growth slowed to 2.1 percent, 
reflecting declining defense budgets in the United States 
and other developing countries and the attendant reduc- 
tion in military procurements of aircraft and missile sys- 
tems (ITA 1990, p. 25-1). 


Nonmanufacturing Industries 


The nonmanufacturing sector provided jobs for an 
estimated 920,000 scientists and engineers in 1989, or 48 
percent of total industrial S&E employment. (See 
appendix table 3-1.) The majority of the sector's S&E 
employees were engineers—545,000, versus 375,000 sci- 
entists. Most of these scientists and engineers were in 
the service-producing industries; a small proportion 
were in mining and construction. S&E employment in 
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nonmanufacturing industries increased substantially 
during the eighties. This increase can be attributed to 
two main factors: 


e A greater share of the total jobs in the nonmanufac- 
turing sector were held by S&E personnel in 1989 
versus 1980; and 


e The nonmanufacturing sector, unlike the manufac- 
turing sector, experienced general economic growth 
with attendant increases in overall total employment. 


Growth in S&E Versus Non-S&E Employment. 
Overall, total employment in nonmanufacturing indus- 
tries grew at an average annual rate of 3.0 percent 
between 1980 and 1989, while the number of S&E jobs 
increased on average by 4.5 percent. The proportion of 
the nonmanufacturing workforce in S&E positions 
increased during this time from 1.4 percent of total 
employment to 1.5 percent. 

Although S&E job opportunities in nonmanufacturing 
increased substantially over the decade, growth was not 
uniform over time. Despite the recession, moderate 
growth characterized the 1980-83 period—4.5 percent 
per year on average. Losses of S&E jobs in the mining 
and construction industries contributed to a lowering of 
the overall annual rate of S&E job growth in the nonman- 
ufacturing sector to 3.0 percent between 1983 and 1986. 


Figure 3-3. 
industry distribution of science and engineering jobs 
in manufacturing sector: 1989 


Science and engineering jobs 
N = 993,000 


SOURCES Bureau of Labor Statistics, Occupational Employment 
C.atshcs Surveys and appendix table 3-1 


Science & Engineering indicators - 1991 


69 


Figure 3-4. 
Science and engineering jobs in selected 
nonmanufacturing industries 
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Average annual S&E job growth rebounded to 5.9 per 
cent for the 1986-89 period, primarily because increased 
S&E job opportunities in the financial services and busi- 
ness and related services industries offset the continuing 
losses in mining and construction. (See figure 3-4.) 


Employing Industries. The major nonmanulacturing 
industries in terms of S&E employment in 1989 were 


¢ Engineering and architectural services, with 
201,000 S&E jobs: 


e Business services, 140,000; 
e Financial services, 134,000; and 
¢ Computer and data processing services, 125,000 


Together, these industries provided two-thirds of all S&k 
jobs in the nonmanufacturing sector. (See figure 3-5.) 
However, two industries are of particular interest, the 
first—engineering and architectural services—because 
of its position as the largest provider of S&F jobs in the 
nonmanufacturing sector and the second—computer 
and data processing services—because of its phenome 
nal job growth over the tecade. 

S&E employment in cugineering and architectural ser- 
vices increased by more than 60 percent between 1980 
and 1989 to over 200,000 personnel. The number of S&h 
positions in this industry rose at an average annual rate 
of 5.4 percent over the decade. Most of this growth 
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Figure 3-5. 
industry distribution of science and engineering 
jobs in nonmanufacturing sector: 1989 
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SOURCES: Bureau of Labor Statistics, Occupational Employment 
Statistics Surveys: arid appendix table 3-1 
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occurred in the early eighties as a result of strong 
growth in demand for engineering services by the con- 
struction industry. ' 

The extraordinary Sa FE job growth in computer and data 
processing services—an average 13.1 percent per year 
between 1980 and 1989—occurred in response to the revo- 
lution in information technologies and the strong demand 
for information services. The industry also includes com- 
puter software design, an industry segment that has expe- 
rienced major growth as new methods of delivering infor- 
ma*ion-related services—e.g., local area networks and 
electronic data interc’«nge networks—have been devel- 
oped. Demand for these and related services has resulted 
in an increase in the number of S&E positions in the com- 
puter and data processing services industry from 41,000 in 
1980 to 125,000 in 1989. 


Occupations 


In the eighties, the manufacturing sector remained the 
primary source of employment for engineers, while sci- 
entists continued to find more job opportunities in the 
nonmanulfacturing sector. Nonmanutacturing industries 
increased their share oi total science jobs from 63 to 66 


hor * wunple he “tt rvices of civil engineers Were required low thy 
design and construction of transportation svstems ther resource and 
disposal systems, and environmental control and waste management 
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percent during the eighties, while the proportion of engi- 
neering jobs in this sector increased from 39 percent to 
slightly over 40 percent. Conversely, manulacturing 
industries’ share of total science jobs fell from 37 to 34 
percent, while the proportion of engineering jobs in this 
sector increased from 60 to 61 percent. By occupational 
specialty, however, manufacturing and nonmanulactur- 
ing industries showed similar patterns of S&E employ- 
ment in 1989. (See figure O-9 in Overview.) Employment 
trends in the largest of these occupational specialties— 
the computer specialties and electrical/electronic engi- 
neering—are described below. 


Computer Specialists. (he computer specialties 
dominated science employment growth during the eight- 
ies. Between 1980 and 1989, the number of jobs for com- 
puter specialists grew almost 7 percent per year, rising 
to an employment level of 318,000) (See figure O-10 in 
Overview.) Representing more .han half of science 
employment growth in private industry, job opportuni- 
ties in this occupation henefitted from uic rapid expan- 
sion of the co..:uter services industry and ve increas- 
ingly greater industrial computer use. This increased 
demand was met by an interdisciplinary supply of work- 
ers able to meet job qualifications. Computer specialist 
jobs could be filled by persons trained in mathematics, 
engineering, and other S&F fields as well as by those 
specifically trained in the computer sciences. Non 
manufacturing industries provided more than two-thirds 
of the job opportunities in this occupation in 1989, pri- 
marily in the financial services and computer and data 
processing services industries. 


Electrical/Electronic Engineers. Jobs in clectri- 
cal/electronic engineering increased at an average rate of 
more than 5 percent per year between 1980 and 1989. A 
total 436,000 electrical/electronic engineers in 1989 made 
this the largest S&@E occupational specialty. Manufac- 
‘ring industries provided approximately three-fifths of 
the industry jobs in this discipline, largely in the electri- 
cal and electronic equipment, transportation equipment, 
and instruments and related products industries. Among 
nonmanufacturing industries, business services and engi- 
neering and architectural services were the primary 
source of electrical/electronic engineering jobs. 


S&E Jobs in R&D 


During the 1980s, R&D employment oppe: tunities 
increased for industrial scientists and engineers. Two 
key factors primarily accounted for this increase, which 
occurred in both manulacturing and nonmanutacturing 
industries: 


¢ |} merging technology industries (see chapter 6, 
“Technologies for Future Competitiveness,” p. 160) 
engaged in incieasing levels of RAD activity, and 


© Competitive pressures propelled US. companies to 
unprove and update product designs more rapidly 


than in the past 
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Manufacturing Industries. {1 1989 the manufacturing 
sector provided more than twice as many R&D employ- 
ment opportunities for engineers as for scientists—78,000 
versus 38,000.° Of the engineering R&D position in man- 
ufacturing industries, 42 percent (32,000) were in electri- 
cal/electronic engineering (including 8,000 jobs in com- 
puter engineering). Engineers also found R&D job oppor- 
tunities in 


© Mechanical engineering (9,000), 

¢ Chemical engineering (7,000), 

e Aeronautical engineering (6,000), and 
e Industrial engineering (2,000). 


Almost 22,000 R&D jobs were ‘ocated in other engineer- 
ing specialties. 

The proportion of engineering jobs in manufacturing 
that primarily involve R&D work differed greatly by sub- 
field. (See figure 3-6.) In 1989 about 10 percent of the 
804,000 total engineering jobs in manufacturing were in 
R&D. Chemical engineering accounted for the largest 
proportion of R&D work (19 percent); industrial engineer- 
ing accounted for the small«st proportion (2 percent). 


As used here, R&D scientists and engineers refer to those who 
“spend the greater part of their work time on research and develop- 
meni.” 


Figure 3-6. 
Engineering jobs in manufacturing that primarily 
involve R&D, by field: 1989 
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Four industries provided 80 percent of the engineer- 
ing R&D jobs in manufacturing in 1989. Transportation 
equipment employed 25 percent of the R&D engineers: 
nonelectrical machinery, 21 percent; electrical machin- 
ery, 18 percent; and instruments, 17 percent. These four 
industries also employed about 80 percent of the 726,000 
non-R&D engineers, in almost the same proportions as 
of R&D engineers. 

Three occupational groups accounted for almost all of 
the manufacturing R&D jobs for scientists: 


e Physical scientists (56 percent), 
e Life scientists (30 percent), and 
¢ Computer specialists (12 percent). 


Over 90 percent of the 12,000 R&D jobs for life scientists 
were in chemicals and allied products industries, as were 
76 percent of the 21,000 R&D jobs for physical scientists. 


Nonmanufacturing Industries. |n the nonmanufac- 
turing sector in 1987, R&D job opportunities were slightly 
higher for engineers (40,000) than for scientists (84,000).° 
Practically all R&D positions (97 percent) were located in 
business and related services. 

Unlike the manufacturing sector, the R&D jobs for sci- 
entists in this sector were distributed across all the major 
occupational groups, as follows: 


© Physical scientists, 10,000 jobs; 
© Computer specialists, 10,000; 
© Life scientists, 8,000; 


e Mathematical scientists, 3,000; and 


Social scientists, 3,000. 


(See figure 3-7.) 

Approximately 90 percent of the R&D jobs for physical 
scientists and 70 percent of those for computer special- 
ists were in the business services industry (primarily 
computer and data processing services and commercial 
R&D labs). R&D jobs for life scientists were divided 
between business services (53 percent) and miscella 
neous services (47 percent). 

About half (21,000) of the engineering R&D jobs in the 
nonmanufacturing sector were in electrical/electronic 
engineering. The remaining R&D jobs were distributed 
as follows: 


© Mechanical engineering, 7,000 jobs; 
¢ Acronautical engineering, 1,000; 
¢ Civil engineering, 1,000; and 
¢ Industrial engineering, 1,000. 
Almost 9,000 R&D jobs were located in other engincer- 


ing specialties. 


This is the latest vear for which data are available: numbers are 
rounded to the nearest thousand 


Figure 3-7. 
Distribution of science and engineering R&D jobs 
in nonmanufacturing, by occupation: 1987 
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Approximately two-thirds of the engineering R&D jobs 
in the nonmanufacturing sector in 1987 were located in 
business services, with miscellaneous services providing 
the remaining one-third of the R&D jobs. This distribu- 
tion was uniform across most engineering Occupations, 
with the exception of mechanical engineering. Approx- 
imately 80 percent of these R&D jobs were located in the 
business services industry. 


Demographic Trends: Recent 
S&E Graduates 


Recent S&E graduates form a key component of the 
Nation’s science and engineering worktorce; they account 
for almost half of the annual inflow into the S&F labor 
market (SRS 1990a, p. 40). The career choices of recent 
graduates and their entry into the labor market affect the 
balance between the supply of and the demand tor scien 
tists and engineers in the United States. (See “Supply and 
Demand Outlook for S&E Personnel.” pp. 79-83.) Analysis 
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of the workforce status and other characteristics of recent 
S&E graduates can yield valuable labor market informa- 
tion. These data have been used by government policy- 
makers to determine the levels of support for education or 
other governmental programs, by employers as an input 
to staffing decisions, by educators to forecast enrollment 
patterns, and by students in making career choices. 

This section provides several labor market measures 
that offer useful insights into the overall supply and 
demand conditions for recent S&E graduates in the 
United States. Among these measures are median annual 
salaries, unemployment rates, S&E employment rates, 
and in-field employment rates. 


Market Conditions 


Upon graduation, new S&E bachelors and masters 
degree recipients must choose whether to enter the job 
market or continue their education. In 1990, three-quarters 
of these recent S&E degree recipients were employed on a 
fulltime basis. The majority were employed in S&E occu- 
pations: More masters recipients than bachelors recipients 
were reported as so employed. A very low number of 
recent S&E graduates (3 percent of bachelors and 2 per- 
cent of masters degree graduates) were uneniploved and 
actively looking for jobs. (See figure 5-8.) Of those recipi- 
ents of S&E degrees who were not in the labor force | or 2 
vears after graduation, most (20 percent of bachelors grad 
uates and 22 percent of masters graduates) were tulltime 
graduate students. 


Median Annual Salaries” 


Median annual salaries of recent S&E graduates serve 
as an excellent indicator of the relative demand for new 
workers in various S&E fields. The median annual salary 
reported by recent S&E baccalaureate recipients was 
$26,000 in 1990; at the S&E masters degree level, the 
median salary reported was 537,000. (See text table 3-1.) 
Historically, the annual salaries of recent enginecring 
degree recipients have been higher than those of gradu- 
ates with science degrees. Accordingly, in 1990, baccalau 
realte engineering degree recipients reported a median 
annual salary of $33,000; their science Counterparts 
reported a median annual salary of 823,000. Among mas 
ters degree recipients, the median salaries were S41,400 
and 835,800 for engineering and science, respectively. 

By Field. Among science fields, there was consider- 
able variation in median salaries. Recipients of bachelors 
and masters degrees in the computer sciences had much 
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Figure 3-8. 


Transition of recent science and engineering degree recipients: 1990 
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larger median annual salaries than did other science 
degree recipients. The next highest median salaries 
were reported by recipients of degrees in the physical 
sciences. The lowest median annual salary at the bac- 
calaureate level was reported by recipients of psychology 
degrees; the lowest such salary at the masters level was 
received by recipients of life science degrees. 

With the exception of civil engineering, median annual 
salaries among engineering subfields were fairly uniform 
at both the bachelors and masters degree levels. Median 
annual salaries reported by civil engineering degree 
recipients were significantly lower than for other engi 
neering subfields at both the bachelors and masters 
degree levels. 

Growth in Salaries. |uring the cightics, median 
annual salaries rose at an average annual rate of 5.4 per 
cent tor bachelors degree recipients and 5.9 percent tor 


mast ‘ee recipients. Salary growth was not uni 
form i out the decade, however. (See figure 3-9) 
Betwe 6 and 1990, median salaries tor bachelors 
degre plents increased at an average annual rate of 
less than 1.0 percent, while median annual salaries | 


masters degree recipients rose at an rate 


‘ , 5 
i\¢ init 


percent annually 
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Text table 3-1. 
Median annual salaries of recent ccience and engi- 
neering graduates, by degree level and field: 1990 


Field Bachelors Masters 

Total science and engineering $26,000 $37,000 

Total sciences 23.000 33,800 
Physical sciences 25,100 34,900 
Mathematical sciences/statistics 23,600 32 800 
Computer sciences 30.100 42 100 
Environmental sciences 23.700 33.800 
Life sciences 21,000 26 900 
Psychology 18.600 32.000 
Social sciences 21.900 31,000 

Total engineering 33,000 41 400 
Aeronautical astronautical 34 800 46 500 
Chemical! 35.100 40 20% 
Civil 30.100 5 206 
Electncal/ electronn 34 000 16 501 
Mechanica! 34 000 1? 10 

pax tat i 


73 


74 


Figure 3-9. 
Median annual salaries of recent 
science and engineering graduates 


Bachelors Masters 
1980 $15.300 $20,900 
$50,000 1982 20.000 27.200 


1984 20.900 28.000 

1986 25.000 32,500 
40,000} | 1988 25.100 34,900 Masters graduates - 

1990 26,000 37.000 | ae eeeet” 
30,000 F ee Bacheiors graduates 7 
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SOURCE: Science Resources Studies Division, National Science 
Foundation, unpublished tabulations. 
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Salaries for Women and Minorities. \n 1990, the 
median annual salaries of recent female baccalaureate 
recipients employed as scientists and engineers were 
approximately 73 percent of the salaries of their male 
counterparts. Much of this difference is due to the con- 
centration of women in relatively low-paying S&E fields 
such as psychology and the life sciences (SRS 1990b). 

By racial/ethnic group, new Asian baccalaureate 
recipients reported a median annual salary of $30,000 in 
1990; this was almost 15 percent higher than the salary 
reported by whites ($26,100). Hispanics ($25,100), 
blacks ($24,000), and Native Americans ($21,900) all 
reported median salaries below that of whites. At the 
masters degree level, the median salary for Asians 
($35,900) was approximately the same as for other 
minority groups, although less than for whites ($37,500). 


Unemployment Rates 


A standard measure of labor market conditions is the 
unemployment rate, which measures the proportion of 
those in the workforce who are not employed but are 
seeking work. A high unemployment rate may indicate 
that the supply of S&E graduates is more than sufficient 
to meet market demands. A low unemployment rate, on 
the other hand, may indicate that the demand for gradu- 
ates exceeds their supply in the marketplace. 

In 1990, the unemployment rate reported by recent 
S&E graduates was 3.4 percent among baccalaureate 
degree recipients and 1.8 percent for masters degree 
recipients. By comparison, the overall unemployment 
rate in the United States was 5.5 percent in 1990 and 1.9 
percent for professional workers (BLS 1991, p. 174). The 
unemployment rates for recent S&E graduates in 1990 
were higher than comparable rates reported in 1988 
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S&E Employment Rates 


The S&E employment rate measures the extent to 
which employed scientists and engineers have SXE jobs. 
Reasons for non-S&E employment include lack of avail- 
able S&E jobs, higher pay for non-S&E employment, 
location, or preference for a job outside of S&E. 

In 1990, approximately 62 percent of recent S&E bach- 
elors degree recipients and 89 percent of recent S&E 
masters degree recipients were employed in science and 
engineering jobs. S&E employment rates for recent bach- 
elors degree recipients were lower than those for masters 
degree recipients across almost all fields, although there 
was considerable variation in rates by field. 

In the sciences, 28 percent of social science and 30 
percent of psychology baccalaureate recipients worked 
in jobs related to science or engineering. In contrast, 
almost 88 percent of the people holding computer sci- 
ence bachelors degrees and 85 percent of those with 
physical science and environmental science degrees 
were employed in S&E jobs. Engineering rates did not 
vary as much by subfield. With some minor exceptions, 
more than 90 percent of all engineering degree gradu- 
ates—both at the bachelors and masters degree levels— 
were employed in S&E jobs in 1990. Bachelors degree- 
holders in aeronautical/astronautical engineering (82 
percent) and bachelors and masters degree-holders in 
industrial engineering (85 percent and 79 percent, 
respectively) were the exceptions to this. 


In-Field Employment Rates 


Many recent S&E graduates find jobs directly related 
to their degree fields, although it is more common for 
masters degree recipients than for bachelors degree 
recipients to do so. In 1990, 59 percent of masters 
degree recipients and 38 percent of bachelors degree 
recipients were employed in fields directly related to 
their degrees. (See text table 3-2.) Regardless of degree 
level, the highest in-field employment rates were report- 
ed by recipients of computer science, civil engineering, 
and environmental science degrees. 

At the bachelors degree level, in-field employment 
rates ranged widely from 10 percent for psychology to 82 
percent for computer science. Among masters degree 
recipients, the range was much narrower, with 44 per- 
cent of social science graduates and over 77 percent of 
computer science graduates employed in jobs associated 
with their degree fields. 


Primary Work Activities 


The work activities of recent S&I graduates varied by 
degree level in 1990. (See figure 3-10). Bachelors 
degree recipients were more likely than masters degree 
recipients to be emploved in jobs oriented toward pro 
duction and inspection, sales oud professional services, 


or general management. Ma s degree recipients were 
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Text table 3-2. 
in-field employment rates of recent science and 


engineering graduates, by degree and field: 1990 


Field Bachelors Masters 
Total science and engineering ....... 37.8 59.0 
Total sciences................... 33.2 59.6 
Physical sciences .......... ... 356 43.4 
Mathematical sciences/statistics.... 39.6 57.4 
Computer sciences............. 81.5 77.2 
Environmental sciences........ 56.1 69.4 
Life sciences.................. 38.4 59.0 
Psychology................... 9.9 48.1 
Social sciences................ 14.1 43.5 
Total engineering................. 50.7 57.8 
Aeronautical/astronautical ........ 48.9 ' 
Chemical .................... 49.6 . 
Cs ne enn gece seeees ee 71.1 69.1 
Electrical/electronic ............. 53.3 57.7 
Mechanical................... 443 60.4 


* = too few cases to report 
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more concentrated in jobs focusing on R&D, R&D man- 
agement, and teaching. 

The primary work activities of recent S&E graduates 
varied substantially by field. At both degree levels in 
1990, engineering graduates were more likely to be 
employed in R&D and production and inspection; science 
degree recipients were more likely to be employed in 
general management, teaching, or a combination of activ- 
ities related to reporting, statistical work, and computing. 


Sectors of Employment 


Industry was the primary employer of new S&E gradu- 
ates in 1990, providing jobs for 65 percent of recent bach- 
elors degree recipients and 60 percent of recent masters 
degree recipients. Educational institutions employed 10 


percent of bachelors degree-holders and 17 percent of 


those with masters degrees. Only 4 percent of recent 
baccalaureate and 8 percent of masters degree recipients 
were employed by the Federal Government in 1990. 

The employment distribution of recent S&i graduates 
by sector did not change markedly over the 1980-90 peri- 
od. However, there were some sectoral shifts by field of 
degree—specifically, by engineering degree recipients. 
The percentage of recent graduates with bachelors de- 
grees in engineering employed by the Federal Govern- 
ment increased irom 4 percent in 1980 to 6 percent in 
1990.” However, the Federal share of recent masters 
degree recipients in this field declined from 9 to 7 percent 
over the period. State and local governments similarly 


Data tor 1980 are trom SRS (1982) 
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increased their share of recent bachelors degree recipi- 
ents in engineering from 3 percent in 1980 to 5 percent 
in 1990 and decreased their share of masters degree 
graduates in engineering from 4 to 3 percent. These fluc- 
tuations in S&E employment can be attributed to shifts 
in defense spending over the decade. 

Industry has accounted for the largest share of recent 
S&E graduate employment. The share of recent gradu- 
ates with masters degrees in engineering employed by 
industry has increased from 76 percent in 1980 to 78 per- 
cent in 1990. Conversely, over the same period, baccalau- 
reate engineering recipients have declined in their share 
of industrial employment, dropping from &8 to 78 percent. 
For science degree recipients, industry's share of recent 
graduates with masters degrees increased from 40 to 51 
percent between 1980 and 1990, while its share of recent 
bachelors degree recipients rose from 58 to 60 percent. 


Demographic Trends: Doctorate 
Recipients’ 
In 1989, the population of doctoral scientists and engi- 
neers was about 485,000, an increase of 4 percent per 
year since 1977 when it was almost 304,000. The annual 


Data for this section are trom the National Science Foundation’s 
Survey of Doctorate Recipients biennial survey serics. The most recent 
survey was conducted in 1989. For information on standard errors 
associated with these survey data, see SRS (1991). 


Figure 3-10. 

Distribution of bachelors and masters science 
and engineering graduates, by primary work 
activity: 1990 
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rate of retirement for doctoral scientists and engineers 
increased from about 0.5 percent between 1977 and 1979 
to 0.8 percent during the 1987-89 period.'' The effect of 
this change was a dramatic increase in the proportion of 
the doctoral scientist and engineer population who were 
retired—a rise from 3.2 percent in 1977 to 5.6 percent in 
1989. Most of this increase occurred after 1985, when 
retirees accounted for 3.5 percent of the S&E doctoral 
population. As larger proportions of doctoral S&E workers 
enter the 55 years and older age group, retirements may 
begin to have a significant impact on their supply. 

Retirees varied considerably by degree field. In 1989, 
retirees accounted for between 6.5 and 8.5 percent of the 
doctorate-holders in the physical and social sciences and 
in chemical engineering. Rates were much lower—3.5 to 
5.1 percent—among doctorate-holders in the mathemati- 
cal and environmental sciences, psychology, and electri- 
cal and mechanical engineering. No retirements were 
reported by individuals in the computer sciences, a rela- 
tively new field. 


Market Conditions 


The likelihood of scientists and engineers at the doc- 
torate level to enter the workforce remained very high in 
1989 and appeared to have been unaffected by swings in 
the Nation’s economy during the late seventies and 
eighties. Throughout the 1977-89 period, the labor force 
participation rate of doctoral scientists and engineers 
was approximately 95 percent. Doctoral scientists and 
engineers had little trouble finding work during this peri- 
od; their reported uw. employment rate ranged from 1.2 
percent in 1977 to. ian 1 percent in 1989 (SRS 
1991). By contrast, the uverall unemployment rate in the 
United States was 5.3 percent in 1989 and 1.7 percent for 
professional workers (BLS 1991). The unemployment 
rate for scientists and engineers at all degree levels com- 
bined was 1.5 percent in 1988 (SRS 1990c). 


Employment Rates 


Employment of doctoral scientists and engineers 
reached 449,000 in 1989, an increase of 57 percent (3.9 per- 
cent per year) over 1977. Since 1983, however, employ- 
ment growth of S&E doctorate-holders has slowed. The 
annual rate of increase for the 1983-89 period was 3.5 
percent per year, compared to 4.4 percent annually 
between 1977 and 1983. 

Despite substantial variation within individual S&E 
fields, the overall proportions of employed doctoral sci- 
entists (83 percent) and engineers (17 percent) have 
remained constant since 1977. The higher proportion of 
science doctorate-holders reflects (1) their relative con- 
centration in academia and (2) the higher level of educa- 
tion needed by scientists (compared to engineers) for 
professional status. 


The retirement rate is the number of individuals who retired dur 
ing a 2-vear interval divided by the total population at the beginning of 
the interval—e_g.. the number of individuals who retired between 198; 
and 1984 expressed as a percentage of the 1987 population 
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Within both science and engineering, growth rates for 
employed doctoral scientists and engineers varied consid- 
erably by field over the 1977-89 period. (See figure 3-11.) 
Among the sciences, where overall growth was approxi- 
mately 4 percent per year, the lowest rate was in the 
mathematical sciences (1.6 percent per year). With 
almost 11-percent annual growth, the computer special- 
ties was the fastest growing field. Growth among the 
engineering subfields varied within a narrower range. 
Overall employment of doctoral engineers also increased 
at an annual rate of slightly over 4 percent; by subfield, 
growth ranged from 3.0 percent per year for chemical 
engineers to almost 10 percent per year for aeronautical/ 
astronautical engineers. 

These differing growth rates altered the field distribu- 
tions of the S&E doctoral workforce over the 1977-89 
period. Among scientists, the proportions employed as 
computer specialists, psychologists, and life scientists 
increased while the percentages employed as physical, 
mathematical and social scientists declined. In contrast, 
there were relatively modest shifts among engineering 
subfields. (See figure 3-12.) 


Primary Work Activities 


Between 1977 and 1989, the number of doctoral scien- 
tists working primarily in R&D increased by about 60 
percent, while the number of their engineering counter- 
parts rose 74 percent. Approximately 33 percent of 


Figure 3-11. 
Annual rates of employment growth for doctoral 
scientists and engineers, by field: 1977-89 
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Ph.D.-holding scientists and 30 percent of doctoral engi- 
neers reported basic or applied researcli as their primary 
work activity in 1989, up from 29 and 23 percent, respec- 
tively, in 1977. (See figure 3-13.) Another 3 percent of 
doctoral scientists and 16 percent of doctoral engineers 
were working in development in 1989. 

The next most prevalent work activity was teaching. 
Approximately 27 percent of doctoral scientists and 17 
percent of doctoral engineers reported teaching as their 
primary work activity in 1989. In 1977, these proportions 
were higher—34 and 20 percent, respectively; the down- 
ward trend reflects the shift in Ph.D. concentration from 
academia to industry. 

About 7 percent of doctoral scientists and 15 percent 
of doctoral engineers cited R&D management as their 
primary work activity in 1989. These proportions were 
down from 9 and 19 percent, respectively, in 1977. 


Sectors of Employment 


Although educational institutions remained the pri- 
mary employer of S&E doctorate-holders in 1989, this 
sector's employment share has declined steadily since 
the late 1970s. Industry's share of doctoral scientists and 
engineers meanwhile has increased. In 1977, 62 percent 
of Ph.D.-holding scientists and 35 percent of their engi- 
neering counterparts were employed in academia: by 


1989, the proportion of scientists had dropped to 55 per- 
cent and that of engineers to under 34 percent. (See fig- 
ure O-11 in Overview.) Concurrently. the proportion of 
doctoral scientists employed in indus .ry increased from 
20 to 28 percent, and that of engineers from 51 to 56 per- 
cent. The following paragraphs further detail this shift 
from academia to industry. 


Educational Institutions. Between 1977 and 1989, 
doctoral S&E employment in educational institutions 
increased at an average rate of 2.9 percent per year; this 
was about half the 6.1-percent rate for industry. As a 
result of academia’s slower growth, the proportion of the 
Nation’s Ph.D.-holding scientists and engineers 
employed in this sector declined from 57 to 51 percent. 

The relative importance of academia as a source of 
employment for S&E doctorate-holders varied consider- 
ably by field. Roughly three-fifths of all doctoral scien- 
tists were employed in this sector, compared to about 
one-third of all doctoral engineers. Educational institu- 
tions employed 71 percent of the Nation's social science 
doctorate-holders, 61 percent of the Ph.D.-holding life 
scientists, and 44 percent of doctoral psychologists. 

Growth in academic doctoral employment also varied 
by S&E field over the 1977-89 period. (See figure 3-14.) 
Doctorate-holding computer specialists increased at the 
fastest rate—an average annual rate of almost 10 per- 
cent. Life scientists and engineers in all subfields regis 
tered above average growth rates—3.5 percent and 


Figure 3-13. 
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Figure 3-14. 


Annual rates of growth for doctoral scientists and 
engineers in academia: 1977-89 
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almost 4 percent annually. Slower than average growth 
was recorded by physical and mathematical scientists, 
who increased by only 0.9 and 1.3 percent per year, 
respectively. These differing growth rates changed the 
field distribution of doctoral scientists and engineers 
over the period. For example, the proportion of physical 
scientists declined from about 17 to 13 percent, and the 
proportion of engineers rose from 10 to 11 percent. 

After experiencing a slowdown in growth in the mid- 
eighties, doctoral scientist employment in academia has 
rebounded in recent years. Employment of Ph.D.-holding 
scientists increased at an average annual rate of 2.7 per- 
cent between 1987 and 1989, up substantially trom an 
annual growth of 1.3 percent for the previous 2-year peri- 
od. Opposite patterns were experienced by doctoral engi- 
neers, whose employment increased by 4.5 percent annu- 
ally over the 1985-87 period and then dropped to less 
than 3 percent per year over the next 2-vear period. 


industry. Since the late seventies, the sectoral distribu- 
tion of doctoral scientists and engineers has shifted 
toward industry, increasing at average annual rates of 6.5 
and 5.2 percent, respectively. By 1989, 28 percent of all 
Ph.D.-holling scientists and 56 percent of all doctoral 
engineers worked in industry. The computer sciences, 
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psychology, and the social sciences were the fastest grow- 
ing science fields for doctorate-holders employed in indus- 
try; aeronautical/astronautical, civil, and electrical/elec- 
tronic were the fastest growing engineering subfields. 

Overall, industrial employment of S&E doctorate-hold- 
ers has slowed since the early eighties. Between 1983 
and 1989, the employment of doctoral scientists in indus- 
try increased at an average rate of 4.6 percent annually; 
doctoral engineering employment rose 3.3 percent per 
year. These declining growth rates reflect several fac- 
tors, including 


e A greater demand by academia for S&E doctorate- 
holders: 


e A shortage of doctoral personnel in such high- 
demand S&E fields as the computer sciences and 
certain e™ rineering specialties; and 


e The relatively strong growth in development activi- 
ties, which, as compared to basic and applied 
research, are generally carried out by less highly 
trained personnel (SRS 1988b, p. 22). 


A few S&E fields/subfields did not experience a declin- 
ing growth rate in the latter half of the 1977-89 period: 
These were the physical sciences and mechanical and 
civil engineering. 


Employment of Women and Minorities 


Women. Women continue to account for an increas 
ing share of the employed Ph.D.-holding scientists and 
engineers. Their representation grew to 17.2 percent in 
1989 compared to 9.7 percent in 1977. The fields with the 
greatest relative growth of women doctorate-holders 
were the computer sciences—which increased employ- 
ment of doctoral women from fewer than 250 in 1977 to 
over 2,300 in 1989—and engineering—which increased 
employment from fewer than 300 to over 2,300 during 
the same period. Despite this rapid growth, only about 6 
percent of doctoral women were cither computer special- 
ists or engineers in 1989. (See figure 3-15.) The life sci- 
ences, social sciences, and psychology together account. 
ed for over 80 percent of the period's increase in the 
employment of doctoral women. Overall, the field distri- 
bution of women with science doctorates did not change 
greatly over the 1977-89 period. Women were, however, 
somewhat more likely to be psychologists or computer 
specialists and less likely to be mathematical or physical 
scientists in 1989 than in 1977. 


Minorities. uring, 1977-89, the numbers of emploved 
black and Asian S&E doctorate-holders rose at averave 
annual rates of 8.4 and 8.0 percent, respectively. (See fig 
ure 3-16.) These rates were over twice the 3.7-percent 
rate tor whites. Recently (1987-89), S&E doctorate 
growth has slowed: black and Asian Ph.D.-holders 
increased al average rates of 6.1 and 6.5 percent per 
vear, respectively; the corresponding rate tor whites was 
3.2 percent 
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Figure 3-15. 
Distribution of employed doctoral scientists and 
engineers, by field and gender: 1989 
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Despite their rapid employment growth, blacks account- 
ed fer only about 1.6 percent (7,200) of all employed doc- 
toral scientists and engineers in 1989. This proportion rep- 
resented a slight increase over 1977, when blacks 
accounted for only 1.0 percent of employed doctoral scien- 
tists and engineers. On the other hand, the more than 
11,000 employed Asians with S&E Ph.D. degrees repre- 
sented about 9.2 percent of the total in 1989, up signifi- 
cantly from 5.7 percent in 1977. 


Supply and Demand Outlook for S&E 
Personnel 


The 1990s should be a period of relative stability in 
S&E labor markets, particularly as compared with the 


ipproaches to exami # thre withook tor SAT [per scene iie } j 
robust models with different assumptions about demographn t 

or mocorporating different personne! populatrons. pob coveted amyl 
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defense buildup of the early to mid-1980s when many 
S&E fields experienced temporary shortages.’ This con- 
clusion has been reached after a careful examination of 


¢ Various demand simulations to determine how 
alternative national economic growth patterns 
might affect SCE employment, and 


© Supply side simulations to test the ability of the sup- 
ply system to respond to these various demand sce- 
narios. 


The supply and demand models used to produce these 
simulations try systematical! to account for the many 
institutional features, individual behavior patterns, demo- 
graphic trends, and economic forces that govern S&E 
labor markets (Leslie and Oaxaca 1991). Results and fea- 
tures of these models are provided in this section. 


Operations of the S&E Labor Market 


Because the performance of the U.S. economy is a 
major influence on S&E employment, it is important to 
understand the fundamental operations of the economy 
in generating jobs for scientists and engineers (see 
“S&E Employment: Demand Side.” p. 80), and in filling 
those jobs through education and training institutions 
(see “S&E Employment: Supply Side.” p. 81). The mod 
els upon which the following results are based attenypt to 


of response to changes in demand. Developed wader 1) 
Robert Dautienbach (Oklahoma University), these prope: 
intended to identity potential problems within the SAE labor muarke 
as well as to assist in understanding the dvnannecs and flexibly lve 
SAE labor supply 

The term “relative stability” indicates an overall balance between 
total supply and demand tor scientists and engineers, It does not mean 
that supply and demand tor cach SOE field will be in pertect equilib 
rum throughout the decade. As has been the case in the past, spot 
shortages and surpluses will continue to occur across various SAT 
fields in response to supply (demand fluctuations 


Figure 3-16 
index of doctoral science and engineering 
employment, by racial/ethnic group 
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S&E Employment: Demand Side 


From the demand perspective, employment of S&E 
personnel begins with “final industry demand”—that 
is, the output of goods and services from the various 
agriculture, mining, manufacturing, and service indus- 
tries that is available for purchase by households, busi- 
nesses, government, and foreigners. Because indus- 
tries buy raw materials, products in intermediate 
stages of production, and services from other indus- 
tries, the total volume of production in a given industry 
exceeds the total available for final purchase. Final 
demand in the various industries thus needs to be 
translated into total output per industry. 

Once total industry output is known, productiviiy 
ratios—that is, output divided by labor input—can be 
used to compute employment by industry. From 
there, it is a simple matter to translate the industrial 
employment into occupational employment. This 
translation is accomplished through use of the occu- 
pational employment distribution per industry—the 
percentage of employees who are scientists and engi- 
neers, managers, clerical employees, blue-collar, etc. 
Summing the resulting employment by occupation 
across industries yields total occupational demand. 
Thus, through such models, it is possible to translate 
alternative final demand patterns into estimates of 
total employment by occupation. 


capture these fundamental operations systematically. In 
this manner, alternative scenarios about the future and 
the ability of the supply system to meet such contingen- 
cies can be examined and assessed. 

A variety of demand scenarios can be envisioned. For 
example, one scenario might involve high overall growth 
in U.S. output, a shift toward services and away from 
manufactured goods, lower military hardware produc- 
tion, and extensive defense and nondefense R&D. It is 
possible to imagine other scenarios that might involve 
slow overall growth of the U.S. economy, but with a shift 
in production of goods and services toward industries 
that rely heavily on S&E employment. Even though 
aggregate economic output would not change under 
such a scenario, S&E employment would expand. Many 
such scenarios could be developed and then tested rela- 
tive to the ability of the supply system to respond. 

Three adjustment mechanisms dominate supply 
responses in the present modeling framework: degree 
shares, employment retentions, and field mobility. In 
response to high levels of demand, degree shares (S&b 
degrees as a percentage of total degrees awarded) 
increase in the corresponding categories (Dauflenbach 
1990). Also, retentions in S&E employment domains 
increase, which is to say that a high percentage of S&F 
graduates remain in S&E occupations rather than pursue 
alternative careers in marketing and management. In ad 
dition, workers with training in the shortage occupations 
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become more concentrated in their respective fields of 
employment, and workers with training in related fields 
shift their employment to the occupations experiencing 
shortfalls. Final outcomes of the supply simulations show 
the leveling effects of the operations of the supply sys- 
tem. Both shortages and surpluses are lessened, exhibit- 
ing much more favorable balance than the initial changes 
in demand would indicate. 


Projected Demand for S&E Personnel 


As described above, projections are forecasts that are 
conditiona! upon a variety of assumptions that depict 
economic, institutional, and social conditions. The analy- 
sis in this section was therefore designed not to provide 
a single numeric estimate of future employment require- 
ments, but instead to provide a well-defined range within 
which employment growth is likely to occur during the 
1990-2000 period. 

Three projection scenarios—a “low,” a “mid,” and a 
“high”"—were analyzed with the demand model using 
alternative sets of assumptions designed to encompass 
likely economic performance during the simulation peri- 
od 1990-2000." (See text table 3-3 for a summary of these 


‘The economic assumptions used in the three proyection scenarios 
(low, mid, and high) were provided by Data Resources, lac Victeraw 
Hill. The scenarios were run in the summer of 1991. Based o 
assumptions, NSF's PC occupations modeling system generated ost 
mates of projected total employment by sector. The occupational struc 
ture used by the Burcau of Labor Matistics was applied to the tota 
employment projections 

The scenarios are not predictions; consequently, departures trom 
the assumptions on which the scenarios are based may alter future 
outcomes significantly 


Text table 3-3. 
Summary statistics for macroeconomic scenarios: 
1990-2000 


Macroeconomic scenanos 

indicator Low Mid High 
_____ Average annuai real growth 

F arcent 
GNP 17 22 27 
Consumption 14 17 21 
Business fixed investment 22 36 51 
Exports 52 57 61 
imports 37 40 48 
_ Average annual growth — 

Labor force 07 12 16 
Productivity 11 13 1" 
industnal production 18 25 31 

inflation (GNP defiator) 47 36 3 
Unemployment. . 52 60 59 


NOTES Growth rates tor the proyection penod are compound annua! 
growth rates caiculated between the years 1990 and 2000 Lever 
vanabies are averages |. : the years 1991 to 2000 


SOURCE Data Resources inc McGraw-+il 
Science & Engmeenng ind ttors = 1991 
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assumptions.) S&E employment changes vary substan- 
tially from 1990 to 2000 under the three alternative eco- 
nomic growth scenarios: 


© Low growth—S&E employment is expected to 
expand by 13.6 percent; 


© Mid growth—S&E employment is expected to 
expand by 20.6 percent; and 


© High growth—S&E employment is expected to 
expand by 26.7 percent. 


(See text table 3-4.) 

Growth differs dramatically among the five major 
groups of S&E employment: engineers, math and com- 
puter specialists, biological scientists, physical scientists, 
and social scientists. As shown in text table 3-4, the prin- 
cipal beneficiaries of growth in the 1990s are expected to 
be math and computer specialists and engineers. Under 
the low-growth scenario, demand is particularly weak for 
physical, biological, and social scientists. Under all sce- 
narios, growth is concentrated among the engineering 
and math and computer specialties. This degree of con- 
centration raises a concern as to the ability of the supply 
system to adjust to meet this demand. 


Supply Side Responses 


There are many ways in which the supply system can 
adjust to meet this contingency of concentrated growth, 
including the following: 


© Studenis presently enrolled can shift to high-growth 
majors. 


® Recent graduates with related degrees can seek 
employment in high-growth fields. 


© Experienced workers can seek retraining and 
become occupationally mobile into such jobs. 


© Experienced workers with training in high-growth 
fields who are pursuing non-S&E careers can return 
to SKE employment. 


© Those working in high-growth fields can extend 
their careers in those areas. 


¢ Immigrants can make up some of the shortfall in 
high-growth areas 


© Later retirement could offset high demand 


The supply model needs to capture these various facets 
of flexibility in system operations. However, the amount 
of flexibility the supply model exhibits must be based on 
historical magnitudes (Collins 1488) 

Supply model simulations were run on each of the three 
deriand scenarios. Overall, the low-growth supply simu 
lations show about a 4.0-percent overall surplus by 2000—a 


The SA I supply model used to produce threw estimates was che id 
oped tor NST by Dr. Robert Dauttenbach under an NSP grant & 
Oklahoma State University. De current model builds upon an carhet 


mode! amplcation (see Dauffenbach and Fiorito 148) 
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S&E Employment: Supply Side 


On the supply front, there are many factors that 
must be considered. A large amount of attention is 
typically paid to the production of S&E college 
degrees at both the baccalaureate and graduate lev- 
els. Underlying demographic trends of prime col- 
lege-age groups, their rates and trends in college 
attendance, their willingness to pursue S&E 
degrees, and their willingness to work in S&E jobs 
once they graduate must also be examined. Recent 
college graduates represent a flow of new S&E per- 
sonnel inte the supply system. (See “Demographic 
Trends: Recent S&E Graduates,” p. 72.) 

These flows of newly trained personnel are much 
smaller than the stocks of employed people in vari- 
ous S&E occupations. (See NSB 1989, pp. 77-80, for 
an extensive discussion of S&E labor market stocks 
and flows.) The stocks of employed persons in S&E 
occupations, in turn, are smaller than the total num- 
ber of S&E personnel in the workforce. Take, for 
example, engineers. In 1989, there were 67,200 bach- 
elors degrees awarded in engineering and about 1.6 
million people employed in engineering jobs (not all 
of whom had engineering degrees). However, since 
World War Il, the total number of engineering bache- 
lors degrees earned in the United States exceeds 2.0) 
million. A very large percentage of these graduates 
are still in the workforce today. Thus, as important as 
the flows of new S&E graduates are in the supply sys 
tem, these numbers are small compared to the stocks 
of people employed in S&E occupations and the num- 
ber in the labor force who have training in S&E 
nelds. Consequently, small changes in the behavior 
of experienced workers can have dramatic supply 
consequences. Supply models must capture the 
behavior of experienced workers through analysis of 
the longevity of S&E careers. Such models must also 
take into account the willingness and ability of SCE 
trained personnel to work in occupations that do not 
exactly match their training (Dauffenbach 1990) 
This latter concept is known as “field mobility.” 


particularly slow growth scenario. (See figure 5-17.) Be 
low average surpluses are shown for math and computer 
specialists and physical scientists. white surpluses tor the 
other occupational groups are slyhtly above averag: 

The mid-growth scenario indicates approximate bal 
ance—only about a OSpercent overall surplus. The bal 
ancing efiects of supply svstem opcrations leave ouly a 
small percentage difference between the field of hughest 
comparative shortage and hychest comparative surplus 

The high-vrowth scenario, which vields an overall 26. 
percent growth in demand in the 1490s, resulis in an 
overall shortage, but not a significant one. Overall, total 


Text table 3-4. 
Projected science and engineering job growth 


2000 
Low Mid High 


Occupational group 1990 


Total scientists and engineers... 3,060 3,476 3,689 3,877 


Percentage change................. 13.6 20.6 26.7 
CC Ee 1,558 1,740 1,877 1,980 
Percentage change................. 11.7 20.5 27.1 
Math and computer specialists .. 658 839 883 931 
Percentage Change................. 27.5 342 41.4 
Biological scientists .......... 298 317 327 339 
Percentage change................. 62 9.7 13.9 
Physica! scientists ........... 246 265 277 289 
Percentage change................. 75 12.5 17.6 
Social scientists............. 300 315 325 338 
Percentage change................ 5.1 84 12.7 


SOURCES: Bureau of Labor Statistics and National Science Foundation, 
unpublished tabulations. 
Science & Engineering Indicators — 1991 


supply equals 98.0 percent of total demand. There are 
only a few examples of detailed S&E occupations where 
the extent of the shortage exceeds 2.0 percentage points. 


Unanswered Questions 


The Questions. Despite modeling advances to assess 
S&E employment outlooks, uncertainty remains high on 
both sides of the supply/demand equation. The questions 
abounding on the demand side include the following: 


e Will decreases in defense spending dramatically 
affect S&E labor markets? 


e Will the threat of foreign competition drive U.S. 
manufacturers toward more R&D spending?" 


¢ Will the generally slower growth prospects for the 
U.S. economy impinge on demand for S&E person- 
nel (SRS 1988b)? 


e Will the rebuilding of Eastern Europe lead to a 
surge in demand for capital goods that have sizable 
S&E components? 


e Will Federal budget deficit problems lead to a slow- 
ing of Federal R&D spending? 


As these questions show, the impacts of recent events do 
not lead in a consistent direction. Some lead to increases 
in demand; others, to decreases. 

On the supply side, too, there are many unanswered 
questions: 


‘This circumstance could have a negative impact on demand for S&E 
workers if companies increase their fractions of R&D outside of the 
United States (where the labor involved is largely foreign nationals). 
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eWill the United states be able to continue its reliance 
on immigrants to fill Ph.D.-level jobs (Forrest 1990), 
or will rising international S&E deinand begin to 
draw off this talent? 


e Will the upheavals in Central and Eastern Europe 
and the former USSR, coupled with relaxation in 
emigration rules, lead to a massive exodus of S&E 
workers to the Western world? 


e Will smaller youth cohorts in the prime college 
attendance years begin to have a dramatic impact 
on S&E degrees? 


e¢ Will women and minorities, who now make up a larg- 
er proportion of the college-age pool, begin to pur- 
sue S&E educational opportunities in increasing 
numbers (SRS 1990a, p. 31)? 


e As larger proportions of S&E workers enter the 55 
years and older age group, will retirements begin to 
have a much more significant supply impact? 


e What are the implications of extending mandatory 
retirement to age 70? 


As with demand, uncertainties in supply also do not 
point in the same direction. 


Answer Lies in Supply Flexibility. The supply sys- 
tem reveals a fairly high degree of flexibility in the face 
of uncertain demand shocks. It is not infinitely respon- 
sive, however. Other factors limit its flexibility: 


e The adjustment mechanisms the supply system 
incorporates are not without costs in lost productivi- 
ty; retraining expenses; and employer, industry, and 
occupational mobility. 


e In the high-growth scenario, it may prove difficult 
for higher education to respond to the demand for 
degrees in fields experiencing relative shortages. 


Figure 3-17. 
Estimated range of supply/demand differentials for 
scientists and engineers: 2000 
Percent 
6 ; Surplus 
4 ? T . 
2 
0 Tt | Balance 
-2 4 4 | j 
-4 . ~ . 4 , , Shortage 


Total Engineers Mathand Biological Physical Social 
scientists/ computer scientists scientists scientists 


engineers specialists 


SOURCE: Science Resources Studies Division, National Science 
Foundation, unpublished tabulations. 
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Moreover, since the more willing and sometimes more 
able are likely to be the first to engage in field mobility, 
the real and psychological costs of retraining and mobil- 
ity will rise with each incremental need for change. It 
will prove increasingly costly to retrain personnel who 
are field-mobile to the areas of high demand. 

As costly as such dislocations are, the supply system 
appears capable of adjusting to rather wide differentials 
in demand growth. The overall demand growth differen- 
tial between the low and high scenarios is 13.1 percent- 
age points (26.7-percent growth in the high-growth sce- 
nario versus 13.6-percent growth in the low-growth sce- 
nario). Supply system operations reduce this differential 
to half its former size: 2.0-percent shortage to 4.0-percent 
surplus, or a 6.0-percentage point differential. (That is, 
about half of the difference in demand between the higl.- 
and low-growth scenarios can be accommodated by 
adjustments in the supply system.) 

Neither of these numbers represent a high degree of 
disequilibrium in the market for scientists and engi- 
neers. These demand scenarios and attendant supply 
processes can thus be said to exhibit relative balance for 
S&E labor markets in the 1990s. The possibility of spot 
shortages in certain S&E fields is not precluded, how- 
ever. For example, the adjustment mechanisms in the 
supply system may be insufficient to meet the expected 
increase in demand for computer systems analysts. 

Because of these many lingering uncertainties, S&E 
labor markets need to be followed closely and the sce- 
narios and models improved continuously. 


international Employment of Scientists 
and Engineers 


A country’s employment of scientists and engineers is 
a significant indicator of its level of effort in and relative 
national priority for science and technology. Interna- 
tional comparisons are complicated by differences in 
countries’ definitions of specific jobs and in methods of 
data collection and estimation. Still, international 
employment data provide insight into the relative 
strengths of the S&E workforces in the United States 
and other countries. 

This section explores trends in international S&E 
employment, including employment sectors, primary 
activities, and employee characteristics in France, Italy, 
Japan, Sweden, the United Kingdom, the United States, 
and West Germany.'’ Also included is a brief discussion 
of trends in the emigration of foreign scientists and engi- 
neers to the United States. (See “Immigration,” above.) 


International S&E Job Patterns 


In the early to mid-1980s, the number of nonacademic 
scientists and engineers employed in the United States 


Italy and Sweden are excluded from several discussion areas 
because of a lack of comparable data. West German data are for West 
Germany only and do not include data for the former East Germany. 
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immigration 


Immigrant scientists and engineers are an impor- 
tant component of the S&E workforce in the United 
States. They represent a valuable resource to the 
Nation’s economy. 

In 1988, 11,000 scientists and engineers immigrated 
to the United States. Forty-five percent of these im- 
migrants came from Asia—three times the number 
that came from Western Europe. The largest num- 
bers of immigrants came from India, Taiwan, The 
Philippines, and the United Kingdom, each of which 
accounted for more than 750 immigrants. 

Almost three-quarters of the S&E immigrants to 
the United States were engineers. Only 11 percent of 
the new immigrants were in the natural sciences, 11 
percent were mathematicians or computer special- 
ists, and just 4 percent were social scientists. 


exceeded the combined total of those in France, Italy, 
Japan, the United Kingdom, and West Germany.'> Exam- 
ining the number of scientists and engineers as a propor- 
tion of each country’s total labor force shows that the 
United States employed the highest percentage of scien- 
tists and engineers, followed by (in descending order) 
Japan, West Germany, the United Kingdom, and France. 
Italy employed the lowest proportion of scientists and 
engineers. (See figure O-7 in Overview.) 

In the five countries compared here (France, Japan, 
the United Kingdom, the United States, and West 
Germany), the services sector is usually the most impor- 
tant employer of scientists, while most engineers are 
employed in the manufacturing sector. In the 1980s, the 
services sector was the largest employer of nonacademic 
scientists in all countries except West Germany; there, 
manufacturing industries employed the largest percent- 
age of these scientists. (See figure 3-18.) The manufac- 
turing sector was the largest employer of nonacademic 
engineers in all countries; it was particularly significant 
in the United States and the United Kingdom, where it 
employed half of the engineers. The services sector 
employed the next highest proportion of nonacademic 
engineers in all five countries. 

By occupation, industrial/mechanical engineers con- 
stituted over half of the S&E manufacturing workforce in 
the United States (1988) and the United Kingdom 
(1981). The proportion of these engineers was also high 
in France (1987) and West Germany (1985), where they 
accounted for between 43 and 45 percent of all scientists 
and engineers employed in manufacturing. 

The distribution of the Japanese S&E manufacturing 
workforce differed from that of the other countries. In 


Academic S&E employment is excluded from this discussion 
because data are not available. 
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Nonacademic scientists anc engineers, by 
sector of employment 
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NOTE: U.S. data are for 1988; France, for 1987; West Germany and 
Japan, 1985; and United Kingdom, 1981. 


See appendix table 3-18. Science & Engineering Indicators — 1991 


Japan (1985), the largest proportion of its S&E manufac- 
turing workforce was civil engineers (32 percent) and 
industrial/mechanical engineers (27 percent). Japan also 
had a higher proportion of computer specialists (21 per- 
cent) than did the other four countries. 


R&D Activity 


The United States had more full-time equivalent scien- 
tists and engineers engaged in R&D in 1987 than did 
Japan, West Germany, France, the United Kingdom, 
Italy, and Sweden combined. (See figure 3-19.) In fact, 
the United States had twice as many R&D scientists and 
engineers as Japan and about five times as many as West 
Germany: Japan and West Germany being the countries 
with the next highest numbers of R&D scientists and 
engineers. As a proportion of the labor force, however, 
other countries now have concentrations of R&D scien- 
tists and engineers approximating that of the United 
States. In 1987, Japan’s ratio per 10,000 was close to that 
of the United States—68.5 versus 75.9, respectively. 


Employee Characteristics 


Age. The age profile of a country’s S&E workforce is 
used as an indicator of how recently the population of sci- 
entists and engineers may have been trained. It also pro- 
vides information on the potential need for replacements. 

Japan has a younger nonacademic S&E workforce than 
do the other countries. Almost half of the nonacademic 
scientists and engineers in Japan (1985) were younger 
than 35. (See figure 3-20.) In comparison, slightly less 


Chapter 3. Science and Engineering Workforce 


than a third of U.S. nonacademic scientists and engineers 
were under 35 (1986). Moreover, Japan had the smallest 
proportion of scientists and engineers (7 percent) older 
than 55; the United States had the second highest (18 
percent). 

Internationally, most scientists and engineers were 
middle-aged: About half the scientists and engineers in 
France, the United States, and West Germany were 
between 35 and 54 years old. 


Gender. The vast majority of scientists and, especially, 
engineers in all countries compared here were male. 
(See appendix table 3-17.) However, the fractions for 
female S&E employment are increasing—slowly in engi- 
neering and more rapidly in the sciences. France, the 
United States, and the United Kingdom had the best 
records of employing female scientists and engineers 
(14 percent, 13 percent, and 9 percent, respectively). 


Educational Attainment. \he quality of a nation’s 
S&E workforce is greatly influenced by the level of edu- 
cation attained by its workers. Information on the field 
and level of S&E degrees awarded can therefore serve as 
a valuable indicator of the competitive potential of a 
country’s workforce. 


Figure 3-19. 
Scientists and engineers engaged in R&D, for 
selected countries: 1987 
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See appendix tables 3-19 and 3-20. 
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The United States (1988) and Sweden (1987) had sig- 
nificantly lower percentages of university graduates in 
the natural sciences and engineering than did the other 
five countries—20 and 12 percent, respectively. In con- 
trast, in France (1987) almost half of first university 
degrees were awarded in either the natural sciences or 
engineering. Corresponding proportions were 37 per- 
cent in the United Kingdom (1988), 35 percent in West 
Germany (1988), 31 percent in Italy (1987), and 27 per- 
cent in Japan (1988). France, the United Kingdom, and 
West Germany all had greater concentrations of first uni- 
versity degrees in the natural sciences in 1986 than did 
the United States. In absolute numbers, however, the 
U.S. degree recipients were more numerous. 

In 1988, more Japanese than U.S. students received 
first university degrees in engineering (76,000 versus 
70,000) despite the fact that Japan’s college-age popula- 
tion is only about one-quarter that of the United States. 
(See figure O-14 in Overview.) However, the United 
States awarded more than twice the number of engineer- 
ing doctoral degrees and more than 10 times the number 
of natural science doctorates than did Japan in the same 
year. 
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Figure 3-20. 
Nonacademic scientists and engineers, by age for 
selected countries 
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Financial Resources for Research and Development 
HIGHLIGHTS 


U.S. Research and Development (R&D)—the 
National Level 


¢ Growth in the Nation’s R&D investments slowed 
in recent years. U.S. support for R&D grew at an esti- 
mated average annual constant dollar rate of 1.2 percent 
between 1985 and 1991, one-sixth the rate of growth for 
1980 to 1985. Total R&D expenditures reached an esti- 
mated $152 billion in 1991, or 2.7 percent of the gross 
national product (GNP). See pp. 89-90. 


e A decreasing fraction of U.S. R&D support is 
being provided by the Federal Government. The 
Federal share of the Nation’s R&D funding total edged 
downward, from 46 percent in 1985 to 44 percent in 
1991. Industry's share of total was the same in both 
1985 and 1991—51 percent. The combir:d share of sup- 
port from state governments, universities, and nonprofit 
institutions rose from 3 to 5 percent. See pp. 90-91. 


¢ The university share of total U.S. R&D perfor- 
mance continues to grow. Industrial firms’ R&D per- 
formance accounted for 74 percent of the U.S. total in 
1985 and 72 percent of national 1991 expenditures. The 
share of all R&D that was conducted in academic insti- 
tutions grew from 1. to 15 percent over the same time 
period. Federal agencies accounted for 11 percent of 
the U.S. performance total in both years. See p. 91. 


¢ Federal R&D funding patterns reflect increased 
support for several nondefense policy objectives. 
More than 90 percent of the growth in Federal R&D 
support from 1980 to 1986 was defense-related. Since 
then, the largest Federal R&D increases have been 
for health and space programs. Nonetheless, defense 
still accounted for 59 percent of the 1991 Federal 
R&D funding total. See pp. 94 and 99. 


e An increasing proportion of health R&D is 
funded by non-Federal sources. Between 1985 and 
1991, the Federal share of total health R&D dropped 
from 50 to 42 percent. Industry support grew from 40 
to 47 percent of total. See pp. 100-01. 


¢ The use of Federal incentives to foster R&D 
growth and inter-sector research cooperation has 
increased rapidly. Federal support for small business 
research has increased by more than 10 percent (in 
constant dollars) per year since 1985. Tax credits for 
R&D expenditures annually provide over $1 billion of 
indirect Federal support. More than 200 industry coop- 
erative research ventures have been registered nation- 
wide since 1985, and 868 cooperative R&D agreements 
between industrial firms and Federal laboratories have 
been negotiated since 1986. See pp. 97 and 101-02. 


U.S. R&D—the State Level 


¢ U.S. R&D performance is concentrated in a few 


states. Half of the 1989 nationwide R&D effort was 
undertaken in five states—California, New York, 
Michigan, Massachusetts, and New Jersey. However, 
New Mexico and Delaware had the largest R&D to 
gross state product ratios. See pp. 103-04. 


States continue to be heavily involved in fostering 
R&D growth and research cooperation among 
sectors. Since 1985, at least 30 states have established 
institutions promoting local economic development 
through science and technology. At least 36 states 
award university-industry research grants to support 
growth strategies; no fewer than 20 provide tax incen- 
tives for R&D conducted in-state. See pp. 104-05. 


Industry support of the U.S. academic R&D ef- 
fort rose from a 4-percent share in 1980 to a 7- 
percent share in 1989. Industry support comprises 
a notably higher fraction—up to 20 percent—of aca- 
demic R&D in states whose universities’ research per- 
formance is relatively small. See pp. 106-07. 


U.S. R&D—Iinternational Comparisons 
¢ The United States spent 16 percent more on R&D 


in 1989 than did Japan, West Germany, France, 
and the United Kingdom combined. However, these 
four countries collectively spent 12 percent more on 
total nondefense R&D than did the United States. The 
United States, Japan, and West Germany each invested 
close to 3 percent of their respective GNPs on R&D. 
Excluding R&D for defense purposes, the U.S. 
R&D/GNP ratio (1.9 percent in 1989) trails those of 
Japan (3.0 percent) and West Germany (2.8 percent). 
See pp. 107-08. 


Government R&D investment priorities differ 
among countries. In the United States, France, and 
the United Kingdom, defense accounts for the largest 
share of total governmental R&D. Japan invests heavi- 
ly in energy-related R&D, and industrial development 
accounts for the largest share of the West German 
Government's R&D total. See p. 109. 


R&D activities are becoming increasingly giv. val. 
In 1989, the overseas R&D investment by U.S. compa- 
nies was equivalent to 9 percent of industry’s domes- 
tic R&D spending, compared to 6 percent in 1985. In 
1988, foreign companies accounted for an amount 
equivalent to 11 percent of all industrial R&D expendi- 
tures in the United States, compared to their 9-per- 
cent share in 1985. See p. 110. 
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introduction 


Chapter Focus 


Previous chapters focused on the people involved in 
science and technology (S&T) activities, including 
research and development (R&D). This chapter presents 
indicators of the financial resources devoted to the 
Nation’s R&D base and of the growing complexity of 
inter- and intra-sector cooperative R&D relationships 
that have been forged during the past decade. 

Despite their recent slowing, both public and private 
sector R&D funding grew considerably during the eight- 
ies. This growth is itself an indication of the heightened 
importance assigned to the R&D enterprise. Indeed, 
there is ample evidence that R&D is essential to the pro- 
vision of public goods and services that benefit society as 
a whole; for example, R&D contributes directly to 
improvements in national defense, public health, and 
environmental quality. Several decades of study have 
documented the further contribution of private R&D 
investment to productivity growth and industrial compet- 
itiveness.' And, according to recent studies, even the 
basic research undertaken in academic institutions pro- 
motes industrial innovation and yields high economic 
returns to society. 

Alongside this growing recognition of the importance 
of R&D is an appreciation in recent years by public and 
private sector supporters of R&D of the need to leverage 
their R&D funds. It has become increasingly clear that 
(1) R&D done in Federal or university labs can benefit 
industry and, by so doing, enhance industrial competi- 
tiveness at both the local and national levels; and (2) 
Federal fostering of research cooperation within indus- 
try—so that companies might better maintain their tech- 
nological competitiveness domestically and abroad— 
also serves the goals of the Nation. 


Chapter Organization 


The first section of this chapter describes broad pat- 
terns among R&D-funding and -performing sectors—the 
Federal Government, industry, academia, and nonprofit 
institutions. A brief overview is provided of develop- 
ments during the past 30 years that have led to the pres- 
ent R&D setting. Also discussed is the character of these 
activities—that is, whether they are basic research, 
applied research, or development. 

The second section considers the Federal role more 
closely. Transfers of Federal funds to the various R&D- 


‘Results from numerous econometric studies on R&D and productiv- 
ity growth and related measurement and theoretical issues are summa- 
rized in Sveikauskas (1989). 

“See Adams (1990) and Mansfield (1991). These benefits are in addi- 
tion to the more traditional offshoots associated with basic research, 
including the education and training of future scientists and engineers 
and the pursuit of knowledge for its own sake. 
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performing sectors are detailed, with specific attention 
given to the funding agencies, the fields of research 
funded, and the various socioeconomic objectives— 
including both defense and nondefense—supported. 
Data are provided on several Federal incentives that 
were put in place during the eighties to foster R&D 
growth indirectly—for example, R&D tax credits and 
cooperative R&D agreements. Additionally, for the first 
time in the /ndicators series, data are included regarding 
Federal funding of R&D through the Small Business 
Innovation Research Program. 

The third section takes a state-level view of the U.S. 
R&D base. Topics covered include the geographic distri- 
bution of domestic R&D investment, the research inten- 
sity of states’ economies, state programs for S&T-based 
economic development, and direct funding of R&D by 
the states and within their universities. 

The concluding section builds on the U.S. national and 
Federal details by providing comparisons on similar 
R&D topics among major industrialized countries. 
Indicators include level of funding, sector funders and 
performers, R&D/gross national product (GNP) intensi- 
ties, and government R&D objectives. The globalization 
of the Nation’s R&D effort is also discussed. 


National R&D Spending Patterns 


The United States spent an estimated 2.7 percent of its 
GNP on R&D activities in 1991. This investment in the 
discovery of new knowledge—and in the application of 
knowledge to the development of new and improved 
products, processes, and services—totaled an estimated 
$152 billion.” 

In this section, national R&D expenditure trends and 
sector-specific R&D funding and performance patterns 
are reviewed. Major turning points in R&D spending pat- 
terns over the past 30 years are suggested. The discus- 
sion concludes with a summary of 1991 R&D estimates. 


Overview: 1960 to Present 


The Nation’s R&D expenditures have more than dou- 
bled (in constant 1982 dollars) during the past three 
decades, rising from about $44 billion in 1960 to an esti- 
mated $110 billion in 1991. (See figure 4-1.) Because this 
growth has come in spurts, the history of U.S. R&D 
funding consists of several distinct stages. The period 
from 1960 to 1967 was marked by rapid growth in total 
R&D spending: Inflation-adjusted increases averaged 5.7 
percent per year. The growth was spurred, to a large 
extent, by massive Federal investment in military and 


Throughout this chapter, current funding or expenditure data are 
presented in nominal dollars. Trend data usually are deflated to 1982 
constant dollars using the GNP implicit price deflator and are so indi- 
cated. (See appendix table 4-1.) There are exceptions to this choice of 
deflator; these exceptions are identified appropriately 


Figure 4-1. 
National R&D funding, by source 
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See appendix table 4-2. 


space technology.' Then, for nearly a decade, total R&D 
growth failed to keep up with either inflation or econom- 
ic Output as both business and government—encounter- 
ing an economic and political environment that could no 
longer justify the current rate of R&D expansion—de- 
emphasized funding for research programs. In particu- 
lar, Federal R&D support for both defense and nonde- 
fense activities declined sharply during this period. 
Overall, real R&D fell 9 percent, dropping from 2.8 per- 
cent of GNP in 1967 to 2.2 percent in 1975. 

A significant funding reversal occurred following the 
dual energy and economic crises of the mid-1970s. From 
1975 to 1985, U.S. R&D grew on average by 5.5 percent 
annually, and the R&D/GNP ratio climbed to 2.8 per- 
cent. Initially the research growth was directed toward 
solutions to energy problems; major energy R&D pro- 
grams were undertaken by both industry and govern- 
ment. In the early eighties, however, the focus of the 
national R&D effort shifted overwhelmingly toward 
defense-related activities.’ In fact, more than 90 percent 
of the rapid increase in Federal R&D support between 
1980 and 1985 was attributable to defense programs. 

Sluggishness in the economy (including attendant 
shortfall in profits, out of which business R&D normally 


‘Growth during this early period is a continuation of the rapid 
increases in the Nation's military R&D investment that began in the 
early fifties. From 1953 to 1960, U.S. R&D spending grew on average 
by 15 percent per year. The earliest year for which the National 
Science Foundation reports R&D expenditures is 1953. 

‘See SRS (1990b) for relevant statistics on energy and defense 
spending. 
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is funded) and budgetary constraints imposed on all gov- 
ernment programs have since slowed R&D growth 
nationwide. Even with the skyrocketing number of coop- 
erative relationships among the various R&D-periorming 
sectors of the economy—relationships generally estab- 
lished in response to regional or international competi- 
tiveness concerns—R&D growth has fallen overall to a 
1.2-percent average annual rate of increase during the 
1985-91 period. Indeed, a slight decline in inflation- 
adjusted R&D expenditures—fueled particularly by a 
reduction in defense R&D spending—is indicated from 
estimates for 1990 and 1991 (SRS 1991e). 


Funders, Performers, and Character of Work 


R&D Funders. Considerable changes in the patterns 
of R&D support and performance have accompanied the 
30-year expansion of R&D investment chronicled above. 
The most notable change concerns the relative roles of 
the Federal Government and private industry in funding, 
or supporting, R&D. The Federal share of total national 
R&D expenditures has fallen rather steadily, dropping 
from 65 percent in 1960 to an estimated post-World War 
II low of 44 percent in 1991. Indeed, since 1988, not only 
has the Federal Government's relative share of the total 
fallen, but—after adjusting for inflation—so has its abso- 
lute dollar contribution. (See appendix table 4-2 for back- 
ground data.) Also during the 1960-91 period, U.S. firms 
have increased their relative share of support for total 
U.S. R&D activities from 33 to 51 percent. This increased 
support includes both in-house R&D and funding of 
R&D in other sectors. University and college support for 
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The National Science Foundation uses the following 
definitions in its resource surveys. 


Basic research: Basic research has as its objective 
a fuller knowledge or understanding of the subject 
under study, without specific applications in mind. In 
industry, basic research is defined as research that 
advances scientific knowledge but does not have spe- 
cific commercial objectives, although such investiga- 
tions may be in fields of present or potential interest to 
the reporting company. 


Applied research: Applied research is directed 
toward gaining knowledge or understanding necessary 
for determining the means by which a recognized and 
specific need may be met. In industry, applied 
research includes investigations directed to the discov- 
ery of new scientific knowledge having specific com- 
mercial objectives with respect to products, processes, 
or services. 


Definitions 


Development: Development is the systematic use 
of the knowledge or understanding gained from 
research directed toward the production of useful 
materials, devices, systems, or methods, including 
design and development of prototypes and processes. 


Obligations: Obligations represent the amounts tor 
orders placed, contracts awarded, services received, 
and similar transactions during a given period, regard- 
less of when the funds were appropriated or when pavy- 
ment is required. 


Outlays: Government outlays represent the amounts 
for checks issued and cash payments made during a 
given period, regardless of when the funds were appro- 
priated or obligated. 

Budget authority: Budget authority is the authority 


provided by Sederal law to incur financial obligations 
that will result in outlays. 


R& D—which includes state government support to this 
sector—has grown over the past three decades, rising 
from 1 to 3 percent of the national total. Most of this 
growth in academia’s relative share has been in basic 
research. (See appendix table 4-4.) 


R&D Performers. |) terms of R&D performance pat- 
terns, the changes have been less pronounced. In contrast 
to its overall increased support for K&D, industry is esti- 
mated to have performed a smaller share of R&D in 1991] 
than in 1960: 72 versus 78 percent. Universities and col- 
leges increased their share of R&D pertormance over the 
same period, rising from 5 percent to 11 percent of the 
national total. Particularly during the eighties, this growth 
in R&D performed on the Nation’s campuses benefitted 
from steadily rising industry-university partnerships with 
both Federal and state government funding. Federal in- 
house R&D declined from 13 percent of the Nation’s total 
in 1960 to 11 percent in 1991; it has remained level at 
approximately 512 billion per year (in inflation-adjusted 
1982 dollars) since 1985. (See appendix table 4-2.) 


Character of Work. Although the Nation’s total in- 
vestment in R&D has grown significantly, its relative 
emphasis by character of work (see “Definitions,” 
above.) has remained rather stable since 1970. (See fig- 
ure O-4 in Overview.) As a proportion of total R&D, 

© Development has fluctuated between 61 and 66 percent: 

© Applied research, between 21 and 24 percent; and 

® Basic research, between 13 and 16 percent. 


(See appendix tables 4-3, 4-4, 4-5, and 4-6.) 


1991 Spending Patterns 


R&D Funders. lunds tor R&I) i) the Lited States 
came mainly from two sources in) 10)—idust: 
estimated ol percent of total) and the Federal | 
ernment (14 percent of total). The remaining o percent 
came trom universities and colleges, state and local coy 


ernments, and nonprotit institutions.” (See figure | 

The most recent estimates of change from LOS to 
1991 show Federal support declining 3 percent Gin con 
stant 1982 dollars), industry support remaining rather 
level, and support from other non-Federal sources climb- 
ing 15 percent. (See appendix table 4-2.) 


R&D Performers. \i an estimated S108 billion in 
1991, industry remained the largest pertormer of R&D in 
the United States: R&D pertormed by companies (S105.8 
billion) and that performed by industry-administered ted- 
erally funded research and development centers 
(FEF RDCs) (82.7 billion) accounted for 72 percent of the 
national R&D effort. About one-third of this combined 
industry and FF RDC performance total was financed by 
the Federal Government (see text table 4-1), mostly by 
the Department of Defense (DOD). Aerospace compa 
nies accounted for about one-fourth of industry's pertor- 


Current estimates tor state government adromse RAD) are not avail 
able. In TOSS, state labs’ intramural performance reached SQL> billion 

\n FERDO is an organization exclusively or substantially financed 
by the bederal Government to meet a particular requirement or to pre 
vide major tacilities tor research and associated traming purpos: 
bach center is administered by an industrial firm, an idividual univer 
SiIV, a university Consortia, or a nonprofit institution. Phe LO pndustrs 
administered FE RDCs receive the bulk of their tunding trom: the 
Department of Defense and trom the atomic energy detense prowrans 
of the Department of bnergy 


Figure 4-2. 
National R&D expenditures: 1991 
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See appendix tables 4-3, 4-4, 4-5, and 4-6 


mance total; companies in the chemicals, communica- 
tion equipment, and motor vehicles industries each 
accounted for about 10 percent.” (See appendix table 4-7, 
which also reports estimates for industry-specific charac- 
ter of work splits.) 

The second largest R& D-performing sector consists of 
the Nation’s universities and colleges, exclusive of uni- 


‘U.S. industrial R&D expenditures continue to be heavily concentrat- 
ed in a small number of firms. In 1989, the four largest R&D-pertorm- 
ing companies accounted for 22 percent of this sector's performance 
total. The 100 largest accounted for 70 percent of total (NSB 1991 and 
SRS 1991d). Fifteen years earlier, the 4 largest companies accounted 
for 20 percent of total and the 100 largest companies for 82 percent. 
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versity-administered FFRDCs." Federal funding account- 
ed for an estimated 56 percent of their R&D activities 
(S17 billion) in 1991; this was down from 68 percent in 
1980. (See appendix table 4-2.) Academic institutions 
themselves financed a larger proportion of their R&D— 
14 percent in 1980 and an estimated 20 percent in 1991. 
Funds from industry to universities and colleges also 
increased over the period, rising trom 4 to 7 percent of 
the total R&D performed in these institutions. State and 


‘One hundred universities accounted tor about 82 percent of the 
R&D pertormed by this sector in 1989. Fifteen years earlier, the top 100 
accounted tor a similar &-percent share of academia’s total RAD) effort 


Text table 4-1. 
Estimated national R&D expenditures, by performing sector and source of funds: 1991 
Sources of R&D funds 
Universities Other Percent 

Federal and nonprofit distribution, 

R&D performers Total industry Government colleges' institutions performers 
eeCGwe.«.MmRea 

Ph 2656064 6605.0006466066%646604 151,600 78,050 66,000 4,950 2,600 100.0 
En 06-0405600066060060000800 105,750 76,150 29,600 _ — 69.8 
Industry-administered FFRDCs’........ 2,700 2,700 — - 18 
Federal Government ................ 16,400 16,400 _ = 10.8 
Universities and colleges ............. 17,200 9,650 4,950 1,350 11.3 
University-administered FFRDCs’....... 4,850 4,850 _ _— 3.2 
Other nonprofit institutions ............ 4,200 2,300 = 1,250 28 
Nonprofit-administered FFRDCs’....... 500 500 os _ 0.3 
Percent distribution, sources........... 100.0% 43.5% 3.3% 1.7% 


— = unknown, but assumed to be negligible 


‘Includes an estimated $1.5 billion in state and local government funds provided tc university and college performers. 
’ Federally funded research and development centers (FFRDCs) conduct R&D almost exclusively for use by the Federal Government. Expenditures for 
FFRDCs therefore are included in Federal R&D support, although some non-Federal R&D support may be included in the totals 


See appendix table 4-2. 
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local governments provided roughly 9 percent of the aca- 


demic R&D total in 1991, slightly more than the &-per- 
cent share the sector held in 1980. 


Federal in-house R&D performance reached an esti- 


mated $16 billion in 1991, or 25 percent of all Federal 
R&D expenditures ($66 billion). Of this Federal fund- 
ing total, 
© 49 percent funded industry and affiliated FFRDCs; 
© 15 percent went to universities and colleges; 
© 7 percent funded FFRDCs administered by universi- 
ties; and 


¢ 4 percent was for institutions in the nonprofit sector, 
including FFRDCs administered by nonprofits. 


(See text table 4-1.) 


Character of Work. Development continues to ac- 
count for the lion’s share—61 percent—of U.S. R&D 
funds. An estimated 23 percent of the 1991 R&D total 
was for applied research; the remaining 16 percent was 


for basic research. Each of the sectors funds and per- | 


forms basic research, applied research, and development 
to varying degrees. Different sectors, however, dominate 
in these R&D work categories: 


Figure 4-3. 
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e In 1991, industry performed 86 percent and funded 
a8 percent of development. The Federal Government 
funded almost all—41 percent—of the rest. 

e Industry performed 68 percent and funded 56 per- 
cent of the applied research total. 

e The Federal Government funded 61 percent of all 
basic research; 47 percent was performed by univer- 


sities and colleges. 


(See figure 4-3.) 


- 


Federal Support for R&D 


Federal support for R&D is an important indicator of 
government's overall commitment to maintaining the 
Nation's S&T base and building its technological leader- 
ship. Undoubtedly, the most important means of Federal 
support for R&D is direct funding, which is now ap- 
proaching close to $70 billion annually. This support 
includes funding for programs traditionally in the gov- 
ernment purview—such as national defense—and for 
activities for which the government and the private sec- 
tor share responsibility; for example, promoting long- 
term economic growth through small business research 


National R&D expenditures, funders, and performers, by character of work 
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See appendix tables 4-4, 4-5, and 4-6. 
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support.'’ Other key mechanisms of Federal support 
include the various tax and regulatory provisions that 
were enacted during the eighties to encourage greater 
research spending and cooperation among economic 
sectors. This section presents an overview of direct 
Federal R&D support, first by defining aspects and pat- 
terns of that support—character of work, agency, per- 
former, and science and engineering (S&E) field—then 
by describing two specific R&D funding initiatives, and 
summarizing Federal R&D spending objectives. The sec- 
tion concludes with a discussion of indirect methods of 
Federal R&D support. 


Federal Obligations for R&D 


Federal R&D funding patterns over the past decade 
clearly reflect changing government investing priorities. 
The following sections explore these patterns and priori- 
ties by providing summary information on Federal R&D 
support by character of work, agency sponsor, category 
of performer, and scientific field of research support.'' 


Trends in Basic and Applied Research and Devel- 
opment. From 1980 to 1991, development obligations 
(see “Definitions,” p. 91) grew by about 40 percent (in 
constant dollars), mainly because of defense-related R&D 
work, which is 90 percent development. Most of these 
gains, however, occurred early in the decade; since 1987, 
both development and defense spending have tapered 
off, and even declined. (See appendix table 4-8.) 

Over the same 1980-91 period, basic (mostly non- 
defense) research grew by more than 60 percent, with 
most of the growth occurring since the mid-1980s. This 
growth exemplifies the prevailing government view of 
basic research as essential to the Nation's scientific, 
technological, and socioeconomic future. In contrast, 
Federal funding for applied research has been rather flat 
since 1980, reflecting the Administration's policy that pri- 
vate industry can respond to nongovernmental market 
needs better than can the Federal Government in mak- 
ing civilian applied R&D investment decisions." 


Patterns of Federal Agency Support. |n 1991, the 
Federal Government obligated an estimated $68 billion 
in support of R&D and related facilities. Although some 
25 Federal agencies contributed to this total, 95 percent 
of the 1991 Federal R&D support total was provided by 
just 6 agencies, as follows: 


“Recent research has uncovered a complementary indirect relation- 
ship between government R&D funding and private R&D. Link, 
Bozeman, and Leyden (1990) found that increases in Federal R&D 
contracts to firms are positively related (in a causal sense) to increases 
in industry's self-financed R&D. Furthermore, increases in govern- 
ment R&D to industry stimulate a greater sharing of firms’ technical 
knowledge. 

''See also OTA (1991) for a review of issues related to Federal 
research suppo*t. 

“For a discu.sion of recent Federal S&T policy, see OMB (1991), 
Council of Economic Advisers (1991), and OSTP (forthcoming). 
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Figure 4-4. 
Federal R&D obligations, by selected agency 
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¢ DOD, 55 percent; 


¢ Department of Health and Human Services (HHS), 
15 percent; 


¢ National Aeronautics and Space Administration 
(NASA), 12 percent: 


¢ Department of Energy (DOE), 9 percent: 
¢ National Science Foundation (NSF), 3 percent; and 
¢ Department of Agriculture (USDA), 2 percent. 


(See appendix table 4-8.) 

Since 1981, DOD has provided more R&D funds annu- 
ally (for both in-house and external research) than all 
other agencies combined. (See figure 4-4.) This domi- 
nance in DOD's funding share peaked in 1986 at 64 per- 
cent of total and has since declined by about 10 percent- 
age points. 

HHS—and its National Institutes of Health (NIH) in 
particular—accounts for the second largest, and grow- 
ing, share of the Federal R&D funding total. HHS is also 
the source of roughly 40 percent of Federal basic 
research funds disbursed nationwide, most of which are 
slated for research in the life sciences. Between 1986 
and 1991, total R&D funding by HHS grew $4 billion, or 


Science & Engineering Indicators — 1991 


37 percent in constant dollars. A substantial arnount of 
this funding was for AIDS/HIV research. 

NASA's recent R&D budget has also climbed signifi- 
cantly. Like that of HHS, it was up $4 billion—an esti- 
mated 81 percent—during the 1986-91 period. One-third 
of NASA's estimated 1991 R&D budget is slated for the 
controversial Space Station Freedom. 

In contrast with the R&D growth for NASA and HHS, 
DOE R&D programs have declined (after adjusting for 
inflation); research funding provided by NSF and USDA 
has been relatively /evel since the mid-1980s. 

In terms of agency support by character of work, DOD 
emphasized programs in their development stage: 
Relatively little DOD funding was provided for basic or 
applied research. Aggregate funding by all other Federal 
agencies was more evenly distributed among the three 
R&D categories (about 30 percent of total for each); these 
agencies provided the remaining 10 percent of their total 
R&D funds for R&D plant projects. (See figure 4-5.) 


R&D Agency-Performer Patterns. Over the years, 
one or two Federal funding agencies have come to pro- 
vide the bulk of R&D support to each of the different 
types of R&D performers. For example, total Federal 
R&D obligations to FFRDCs are dominated by funding 
from DOE and DOD; the largest shares of R&D funds 
for academic and other nonprofit performers originate in 
HHS. (See text table 4-2 and appendix table 4-10.) 
Similarly, DOD, NASA, and DOE sponsor applied 
research within industrial firms and FFRDCs adminis- 
tered by either universities, industry, or nonprofit institu- 


Figure 4-5. 


Federal obligations, by agency and type of activity: 1991 


tions. NIH, in contrast, expends the bulk of its applicd 
research and development funds at nonprofit institutes 
and the research hospitals of the academic secter. 

The largest recipient of basic research funds (in terms 
of estimated 1991 total agency obligations) is universi- 
ties and colleges (47 percent): this sector is primarily 
funded by HHS (51 percent), NSF (24 percent), and 
DOD (9 percent). DOE, as in its support of applied 
research and development, is the largest provider of 
basic research func's to FFRDCs under contract with uni- 
versities. Federal obligations for basic research in pri- 
vate firms are concentrated in the budgets of NASA and 
DOD. Federal in-house work on basic research pro- 
grams is distributed among at least six major agencies, 
with ': gest portions conducted at NIH and NASA 
la orate... Smaller portions are performed at the 
1: artment of the Interior's Geological Survey and 
I \s Agricultural Research Service. (See appendix 
table 4-9.) 


Fields of Science and Engineering. Obligations for 
the life sciences dominate the Federal basic research 
support total. (See appendix table 4-12.) Such funding 
has grown steadily since the early eighties. (See figure 
4-6.) By 1991, it accounted for 45 percent (85.6 billion) of 
the Federal total ($12.3 billion). This growth—especially 
in the biological sciences—reflects the mission interests 
of NIH, the major funding agency for life sciences. DOF 
provides most of its funding for basic research in the 
physical sciences, which have also experienced steady 
growth over tiie past decade and now account for a 24 
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See appendix table 4-8. 


Science & Engineering indicators - 1991 


96 Chapter 4. Financial Resources for Research and Development 


Text table 4-2. 
Estimated Federal R&D obligations, by agency and performing sector: FY 1991 


Performer total 


Federal Primary Secondary 
Performer obligations funding source funding source 
—Millions of dollars— —Percent— —Percent— 
TotalR&D.... 2.2.2... ee, 66,107 DOD 56 HHS 13 
Intramural laboratories............. 16,396 DOD 55 NASA 16 
Industrial firms................... 31,512 DOD 80 NASA 14 
Industry-administered FFRDCs....... 2,062 DOE 83 DOD 14 
Universities and colleges........... 9,191 HHS 54 NSF 16 
University-adminisiered FFRDCs...... 3,654 DOE 59 NASA 19 
Other nonprofit institutions .......... 2,302 HHS 62 NASA 10 
Nonprofit-administered FFRDCs...... 482 DOD 65 DOE 29 
Basic research..................... 12,255 HHS 40 NSF 15 
intramural laboratories............. 2,782 HHS 36 NASA = _ 20 
Industrial firms................... 1,043 NASA 57 DOD 19 
Industry-administered FFRDCs....... 194 DOE 93 HHS 5 
Universities and colleges ........... 5,721 HHS 51 NSF 24 
University-administered FFRDCs...... 1,267 DOE 71 NASA 18 
Other nonprofit institutions .......... 1,077 HHS 69 DOE 13 
Nonprofit-administered FFRDCs...... 68 DOE 90 DOD 6 
Applied research ................... 10,965 HHS 28 DOD _23 
Intramural laboratories............. 4,084 DOD 25 NASA 20 
Industrial firms................... 2,384 DOD 45 NASA 34 
Industry-administered FFRDCs....... 311 DOE 77 DOD 8 
Universities and colleges........... 2,635 HHS 62 DOD 10 
University-administered FFRDCs...... 596 DOE 61 NASA = _ 26 
Other nonprofit institutions .......... 720 HHS = 64 NASA 8 
Nonprofit-administered FFRDCs...... 70 DOE 60 DOD 13 
Development...................... 42.888 DOD 78 NASA 11 
Intramural laboratories............. 9,530 DOD 80 NASA 12 
industrial firms................... 28,084 DOD 86 NASA 10 
industry-administered FFRDCs....... 1,557 DOE 83 DOD 17 
Universities and colleges ........... 835 HHS = 53 DOD 34 
University-administered FFRDCs...... 1,791 DOE 50 DOD 32 
Other nonprofit institutions .......... 505 HHS 44 NASA 25 
Nonprofit-administered FFRDCs...... 345 DOD 88 DOE 11 


DOD = Department of Defense 

DOE Department of Energy 

FFRDC = Federally funded research and development center 
HHS = Department of Health and Human Services 

NASA = National Aeronautics and Space Administration 
NSF = National Science Foundation 
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percent ($3.0 billion) basic research share. 

The amounts obligated for applied research in Federal 
agency 1991 budgets were about three-fourths as much 
as estimated basic research obligations. Life sciences 
again received the largest funding support (see appendix 
table 4-13), and outstripped engineering in terms of rela- 
tive shares: 35 percent versus 31 percent, respectively, in 
1991. A decade ago, the funding shares of these two 
fields were reversed. This shift is explained not only by 


growth in the life sciences but also by a decline in engi- 
neering support (in constant 1982 dollars): Since 1980, 
Federal applied research support for engineering has 
fallen about 11 percent. Applied research funding for the 
physical sciences also fell in the 1980s, down approxi- 
mately 30 percent since 1983. 

An exception to these downward trends in Federal 
applied research support was the mathematics and com- 
puter sciences field, which grew nearly 9 percent per 
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Figure 4-6. 
Federal obligations for research, by field 
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year from 1980 to 1991. Indeed, the largest rates of 
Federal growth in both basic and applied research fund- 
ing were for mathematics and computer sciences. Total 
research for this field more than doubled (after adjusting 
for inflation) since 1980. Yet, however impressive the 
rate of funding growth, the /evel of support for this field 
changed only marginally—mathematics and computer 
sciences rose from a 2-percent share of the 1980 
research total to an estimated 3 percent in 1991. 
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Small Business R&D’: 


Congress enacted the 1982 Small Business Innovation 
Development Act (P.L. 97-219) with the intent of 
strengthening the role of small innovative firms in feder- 
ally supported R&D. Specifically, the statute created the 
Small Business Innovation Research (SBIR) Program; 
the Small Business Administration (SBA) was named as 
its coordinator. Under this program, when an agency’s 
external R&D obligations (that is, those exclusive of in- 
house R&D performance) exceed $100 million, the agen- 
cy must set aside 1.25 percent of such obligations for 
SBIR projects. The SBIR Program encompasses the fol- 
lowing three phases: 


e Phase I. Phase I awards average $50,000 and are 
made to evaluate the scientific and technical merit 
and feasibility of an idea. 


e Phase II. Phase I projects with the most potential 
are funded to further develop the proposed idea for 
1 or 2 years. Most phase II awards are funded for 
less than $500,000. 


e Phase III. Phase III is initiated when an innovation 
is brought to market by private sector investment 
and support. No SBIR funds may be used for phase 
III activities. 


Eleven Federal agencies participated in the SBIR 
Program in 1989. (See appendix table 4-14.) From 1983 
to 1989, obligations for SBIR awards totaled more than 
$1.8 billion; since 1985, they increased on average by 
more than 10 percent (in constant dollars) per year. 
Awards in 1989 alone—$432 million—accounted for 0.7 
percent of all government R&D obligations. More than 
one-half of total SBIR obligations were disbursed by 
DOD, mirroring this agency’s share of the Federal R&D 
funding total. (See figure 4-7.) 

SBA classifies SBIR awards into various technology 
areas. (See appendix table 4-15.) In 1989, the advanced 
materials area received the largest share of phase I 
awards, and information processing was the leading tech- 
nology area for phase II awards. Roughly one-fifth of all 
SBIR awards made during the 1983-89 period were com- 
puter-related, and one-fifth involved electronics. One-sixth 
of SBIR awards went to life science research; the bulk of 
such funding was provided by HHS. Materials-related 
research, which was funded largely by DOE and NSF, 
accounted for another one-sixth of total SBIR awards." 


“This section deals with Federal funding of research activities in 
small businesses; much of this information is drawn from the Office of 
Innovation, Research, and Technology of the Small Business 
Administration (1990). See chapter 6, “Small Business and High 
Technology,” pp. 157-160, for further discussion on the role of small 
businesses within the entire S&T system. 

"For a relatively recent—and favorable—assessment of the SBIR 
Program, see GAO (1989a). 


Independent Research and Development’: 


The Independent Research and Development (IR&D) 
Program enables industry to obtain Federal funding for 
R&D conducted in anticipation of government defense 
and space needs. Because it is initiated by private 
contractors themselves, IR&D is distinct from the R&D 
performed under contract to government agencies for 
specific purposes. IR&D allows contractors to recover a 
portion of their in-house R&D costs through overhead 
payments on Federal contracts on the same basis of 
reimbursement as for general and administrative 
expenses. All reimbursable IR&D projects must have 
“potential military relevance.” 

Briefly, the IR&D process is as follows: Contractors 
develop an IR&D plan, begin work, and then submit 
descriptions of all current and expected IR&D projects 
(“IR&D costs incurred” in figure 4-8). Subsequent transac- 
tions with the government may have marginal effects on 
these plans, but contractors proceed without awaiting gov- 
ernment action. Following a DOD technical review of the 
plan, an advance agreement on the “allowable ceiling” for 
government reimbursement is negotiated as is the per- 


“For a thorough discussion of the independent research and devel- 
opment process—including an assessment of its benefits, costs, and 
justifications—see Winston (1985) and Alexander, Hill, and Bodilly 
(1989). Material in this section is based largely on these reports. 


Figure 4-7. 
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Figure 4-8. 
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centage of the costs that the government will reimburse. ' 
This “fair share” percentage is in recognition of the fact 
that at least some part of industry’s IR&D would have been 
undertaken solely or primarily for commercial purposes. 

In 1989, industrial firms were estimated to have 
incurred $4.8 billion in IR&D costs, of which $3.8 billion 
were deemed to have potential military relevance. The 
government reimbursed $2.3 billion, or 48 percent of the 
IR&D total.'’ This figure is up from the 37-percent 
share—S0.9 billion—reimbursed in 1980; that is, at the 
start of the defense buildup early in the decade. 

Both the amounts incurred and the amounts reim- 
bursed have held rather steady since 1984: After adjust- 
ing for inflation, however, these funds have declined con- 
siderably. (See figure 4-8.) As an equivalent proportion 


“NASA also reimburses some IR&D costs and closely follows DOD 
procedures. During the 1980s, the NASA reimbursements typically ran 
less than 5 percent of those by DOD. DOE—or, more precisely, its pre- 
decessor agencies—used to reimburse IR&D but does not at present. 

“The IR&D data reported here are for only the 100 or so major 
defense contractors whose accounts are audited and reported by the 
Defense Contract Audit Agency (DCAA), in accordance with P.L. 91- 
441. These companies did, however, account for approximately 97 per- 
cent of all IR&D; the remaining 3 percent was accounted for by some 
13,000 other defense contractors (Alexander, Hill, and Bodilly, 1989, cit- 
ing 1979 statistics). Unfortunately, 1989 may be the last year for which 
IR&D data are readily available. The fiscal year 1991 Appropriations Act 
repealed the provisions that required DCAA to collect IR&D data. 
DCAA consequently no longer intends to compile these statistics. 
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of combined DOD and NASA industrial R&D support, 
IR&D fell from 11.4 percent in 1984 to 8.5 percent in 
1989. (See appendix table 4-16.) Given the more recent 
slowing in Federal defense R&D support overall, this 
downward trend in IR&D is likely to continue. 


Federal R&D Support by National Objective 


Funding Trends. The Office of Management and 
Budget classifies all activities within the Federal budget 
into 20 functional categories. There are 15 “functions” 
that contain Federal R&D programs.'* Trends in Federal 
R&D functional funding patterns go a long way toward 
defining overall national R&D trends. In each of the past 
three decades, major Federal R&D growth spurts were 
concentrated in a specific function: in the sixties, space; 
in the seventies, energy, especially nuclear energy; and 
in the eighties, defense. (See figure 4-9.) In each case, 
the R&D focus mirrors the national policy objectives of 
the period, as indicated in Federal spending documents. 


1992 Funding Patterns. Funding for health (41 per- 
cent) and general science (21 percent) dominate the esti- 
mated 1992 Federal basic research authorizations.'’ (See 
appendix table 4-18 and “Definitions,” p. 91.) In terms of 
Federal budget authority for total research and develop 
ment, the following five functions account for 92 percent 
of estimated 1992 funds: 


¢ National defense—60 percent, including both DOD 
and DOE funds; 


¢ Health—13 percent; 
e Space—11 percent; 
e General science—4 percent; and 
e Energy—4 percent. 


(See figure 4-10.) 

Three other functional areas of Federal concern each 
accounts for between 1 and 3 percent of R&D budget 
authority: transportation, natural resources, and agricul- 
ture. Recent actions suggest increased near-term R&D 
funding for each of these objectives. For example, fund- 
ing for USDA’s new National Initiative for Research on 
Agriculture, Food, and Environment was provided in fis- 
cal year 1991. This initiative is designed to focus basic, 
applied, and mission-linked research on the Nation’s 
food, forest, and agriculture system with particular atten- 
tioi given to environmental compatibility issues, the con- 
tributing role of modern technologies such as biotech- 
nology and computer sciences, and the international 


'8For definitions and details, see SRS (1990a). Data reported here 
reflect estimates for R&D programs contained in the Administration’s 
1992 budget proposal submitted to Congress in February 1991. 

'9By definition, virtually no applied research or development work 
appears in the general science category. In contrast, health accounts 
for about 7 percent of applied and development work combined. 


Figure 4-9. 
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competitiveness of U.S. industries.°’ The need for 
increased transportation R&D is similarly recognized: As 
of this writing, Congress and the Administration were in 
mid-debate as to how best address the needs of the 
Nation’s aging transportation infrastructure. 


Combined Federal and Non-Federal R&D 
Support by Objective 


For any given socioeconomic objective, the Federal 
Government accounts for only part of the Nation’s R&D 
total. And in fact, as was noted earlier, the Federal 
Government is providing a declining share of national 
R&D funding. Non-Federal sources, including industry 
and state governments, are consequently playing a 
much greater role today in determining the Nation’s 
R&D funding priorities than they did 30 years ago. 
Although it would be difficult to distribute the national 
R&D total among specific categories of national objec- 
tives, this section attempts to provide a perspective on 
Federal and non-Federal R&D trends for defense, 
health, and agriculture. 


Defense. Even for defense purposes, there is a sub- 
stantial amount of private funds in addition to the 


“°“For further details on the National Research Initiative, see 
Department of Agriculture (1991). 
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Figure 4-10. 
Federal R&D funds, by budget function: 1992 
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Federal funding component. Federal defense funding 
comprises DOD spending from its research, develop- 
ment, test, and evaluation (RDT&E) account; and DOE’s 
R&D for its atomic energy defense activities. As was pre- 
viously mentioned, industry funds considerable IR&D 
that is only partially reimbursed by the government but 
that nonetheless has potential military relevance. Adding 
these IR&D costs that are either reimbursed as over- 
head on defense contracts or not reimbursed at all 
increases total defense R&D by 9 percent for 1989.*! 


“!This particular accounting approach is suggested by Carter (1989) 
in addressing the revitalized policy-relevant issue of dual-use technolo- 
gies; i.e., technologies with both mili ind civilian/commercial 
applications. In text table 4-3, DOD's zy base” consists of all 
basic and applied research expendi! fundamental research 
and 6.2 exploratory development m /OD’s nomenclature). 
The rest is what NSF calls “develop ncluding funds for the 
somewhat generic nonsystems “advanced technology development” 
work (6.3A in the DOD vernacular). See also Branscomb (1989) for a 
discussion of dual-use technologies. 
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This figure is down slightly from the 10-percent IR&D 
share of defense total indicated for 1980. (See text 
table 4-3.) 


Health. As would be expected, non-Federal funding 
for national nondefense objectives plays an even more 
important role than does such funding for defense. 
For example, non-Federal sources for health R&D— 
primarily industry but also private nonprofit organiza- 
tions such as the Howard Hughes Medical Institute— 
grew considerably faster than did Federal health R&D 
support during the eighties. (See figure 4-11.) Ac- 
cording to NIH, public sector financing accounted for 
roughly two-thirds of the total health-related R&D in 
1980; of this, about 60 percent was funded by the 
Federal sector, and the rest was funded by state and 
local governments. These sector shares had held rather 
steady since the mid-sixties. (See appendix tables 4-19 
and 4-20.) By 1991, however, government’s share of 
the estimated $25 billion health R&D total had fallen 
to just over one-half, with 42 percent of the total com- 
ing from the Federal Government—mostly NIH—and 
7 percent from the states and localities. This decline 
in the Federal share was in spite of a 15-percent 
increase in the constant dollar support Jevel over the 


Text table 4-3. 
National defense-related R&D support 
1980 1989 
—Billions of dollars— 
Defense-relaied R&D investments.... 16.2 43.9 
Department of Defense RDT&E... ... 13.4 37.5 
Technology base............... 2.3 3.5 
Advanced technology development. . 0.6 5.8 
Strategic programs ............. 2.2 6.4 
Tactical programs .............. 5.2 13.0 
Intelligence and communications. . . . 1.2 45 
Defense-wide mission support ..... 1.9 4.2 
Department of Energy defense R&D .. 1.1 2.6 
IR&D with potential military relevance. . 1.7 3.8 
Reimbursed ceiling ............. 0.9 2.3 
Unreimbursed ceiling............ 0.9 1.4 


NOTES: Details may not sum to totals because of rounding. RDT&E = 
research, development, test, and evaluation; R&D = independent 
research and development. 

SOURCES: Science Resources Studies Division, National Science 
Foundation, Federal R&D Funding by Budget Function, annual series 
(Washington, DC: NSF); and Defense Contract Audit Agency, 
Independent Research and Development and Bid and Proposal Cost 
Incurred by Major Defense Contractors, annual series (Washington, 
DC: DCAA). 
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same 11-year period.” Private sector support, led by the 
R&D investments of drug and biotechnology companies, 
grew by 125 percent between 1980 and 1989. 


Food and Agriculture. As with health R&D, recent esti- 
mates show considerable private sector support for agricul- 
tural and food research; this support is, however, only one- 
quarter the level of private health-related R&D spending.~’ 
Public R&D support for agriculture also is about one-fifth 
that for health and is provided chiefly by USDA for in-house 
research by its Agricultural Research Service and Eco- 
nomic Research Service, and for extramural research by 
its Cooperative State Research Service. This last agency— 
along with state governments—contributes to the 57 state 
agricultural experiment stations affiliated, for the most part, 
with land-grant universities. 

Spending on agriculture and food R&D was split rather 
evenly between the public and private sectors in 1975, 
with about $0.7 billion each. (See appendix table 4-20.) 
Since then, public agricultural research has fallen slightly 
to about 43 percent of the 1989 $5 billion national total; 
industry research has climbed to 57 percent. Neither 
source of support expanded very rapidly during the eight- 
ies. Increases in public spending averaged only 1.6 per- 
cent per year (in constant dollars) with the largest gains 
slated for the state agricultural experiment stations; 
industry support rose 2.5 percent annually. Industry’s 
R&D expenditures for 1989 consisted of 40 percent food 
R&D and 60 percent R&D on agricultural inputs, mostly 
pesticides and farm machinery. R&D expenditures on 
biotechnology in food and agriculture grew from almost 
nothing in 1975 to an estimated $200 million in 1989—12 
percent of all agricultural input industries’ R&D. 


Indirect Federal Encouragement of R&D 


Improvement in global competitiveness and national 
economic welfare are central themes of current U.S. eco- 
nomic policy. To help achieve these goals, several 
Federal measures were put in place over the past 
decade, including incentive mechanisms specifically 
aimed at creating a more favorable environment for R&D 


“Constant dollar estimates are based on the Bureau of Economic 
Analysis/NIH biomedical research and development price index. 
Using the GNP deflator on these health R&D data results in a 35-per- 
cent constant dollar increase in Federal support over the 1980-91 peri- 
od and in a 230-percent increase in combined industry and nonprofit 
support. Since the index is designed to reflect price movements in 
biomedical R&D, it probably measures real changes in health R&D 
expenditures better than does the GNP deflator (Holloway and Reeb 
1987). Pardey, Craig, and Hallaway (1989) similarly found reason to 
prefer an index specific to the agricultural research system over the 
GNP deflator. That price index is also used here to deflate these food 
and agriculture R&D data. 

“Actually, these figures—recently made available by Dr. Carl Pray 
at Rutgers University—are for R&D performance, rather than support. 
In aggregate terms, however, there is little difference in choice of mea- 
sures, since industry uses about 95 percent of its food and agriculture 
R&D funds for in-house activities and contract work to private 
research firms. Less than 1 percent of industry's in-house research is 
publicly funded (Pray and Neumeyer 1990). 
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Figure 4-11. 
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investment and cooperative activities. Summary statistics 
for three such mechanisms—R&D tax credits, R&D con- 
sortia, and Federal cooperative research and develop- 
ment agreements—are presented in this section.”! 


R&D Tax Credits. Since 1981, the government has 
attempted to stimulate corporate spending through tax 
credits on incremental research and experimentation 
(R&E) expenditures.”’ The current tax credit is 20 per- 
cent for the amount by which a company’s qualified 
R&D exceeds a certain threshold.*° The Tax Reform Act 
of 1986 allowed companies to claim a similar credit for 
basic research grants, contributions, and contracts to 
universities and other nonprofit institutions. Since 1986 
both credits have been annually renewed and were in 
place at least through the end of 1991. 


“For a brief overview of recent policy provisions related to high- 
technology trade, see NSB (1989), pp. 158-60. 

“Not all R&D is eligible for this credit, which is limited to expendi- 
tures on laboratory or experimental R&D. 

“"The current base structure for calculating a company’s qualified 
R&D spending is complex and was put in place by the 1989 
Reconciliation Bill, P.L. 101-239. (See Siboni and McCook 1990.) With 
various exceptions, a company’s qualifying threshold is the product of 
a fixed-base percentage multiplied by the average amount of the com- 
pany’s gross receipts for the 4 preceding years. The fixed-base per- 
centage is the ratio of R&E expenses to gross receipts for the 1984-88 
period. See also a related analysis by Baily and Lawrence (1990). 
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As part of the budget process, the Treasury Depart- 
ment calculates the impact on Federal revenues of vari- 
ous preferential tax provisions, including the R&E tax 
credit. These estimates, called “tax expenditures,” are 
calculated as the net difference between Federal rev- 
enues that would be collected with and without the 
preferential provision, given the otherwise current tax 
structure. In particular, Treasury provides outlay- 
equivalent figures for the R&E tax credit that are 
directly comparable to R&D budget outlays. (See 
“Definitions,” p. 91.) These figures show that this indi- 
rect means of Federal R&D support ranged between 
roughly $1 and $3 billion annually over the past 
decade, an amount equal to about 3 percent of direct 
Federal R&D support. (See appendix table 4-21.) 
Based on early data from the Internal Revenue 
Service’s Statistics of Income, companies taking the 
greatest advantage of the credit primarily have been 
large firms that produce scientific instruments, office 
and computing machinery, chemicals, and electrical 
equipment (see GAO 1989b and Cordes 1989). 


R&D Consortia. Certain Federal provisions have 
been set in place to help foster cooperative relation- 
ships within the private sector. For example, the 
National Cooperative Research Act of 1984 (NCRA) 
encourages research collaboration among industry 
competitors by better defining joint research and 
development ventures (JRVs) and protecting them 
from antitrust suits.** NCRA also requires a public dis- 
closure of JRVs, which subsequently appears in the 
Federal Register. Through April 1991, more than 200 
filings of U.S. cooperative research ventures had been 
registered under the act. Up to one-half of the filings 
are for project-specific—often two-member—ventures; 
about one-fourth of the filings appear to be for industry 
consortia conducting long-term R&D and/or for 
research corporations with their own facilities.** 
Although the exact amount of R&D funded through 
JRVs 0. industry consortia is unknown, anecdotal evi- 
dence suggests that less than 2 percent of industrial 
R&D involves interfirm collaboration.” 


Industry-Government Cooperative Agreements. 
The rise in the number of private cooperative research 
ventures has been accompanied by an increase in joint 


““NCRA states that JRVs will not automatically be considered illegal 
as anticompetitive, but that such consortia will be judged after weigh- 
ing potential benefits and costs. Further, NCRA limits potential liability 
for JRV behavior that ultimately is ruled anticompetitive to actual costs 
rather than treble damages as is otherwise the norm. See Link and 
Tassey (1989), Link and Bauer (1989), and Webre (1990). 

“Any classification scheme for NCRA filings is bound to be some- 
what subjective. Link and Bauer (1989) provided the framework used 
here. Complete filing information is available from the Office of 
Technology Commercialization (1991). 

“See Webre (1990) and Bellcore (1990). In any event, most coopera- 
tive arrangements apparently are informal. For example, Link and 
Bauer (1989) estimate that up to 90 percent of all U.S. industry cooper- 
ative research arrangements in 1984 were informal partnerships. 
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industry-guvernment cooperative research arrange- 
ments. The Federal Technology Transfer Act (FTTA) of 
1986 (P.L. 99-502) was enacted to promote the transfer of 
technology from Federal laboratories to state and local 
governments and the private sector. Approximately one- 
fourth of all Federal R&D funds support agencies’ intra- 
mural research activities.”’ The act requires agencies to 
put the fruits of this R&D investment to commercial use. 
Specifically, FTTA authorizes government-owned and 
-operated laboratories to enter into cooperative R&D 
agreements (CRADAs) with private industry and to 
agree in advance on the rights of industry and Federal 
participants to resulting inventions. 

The Federal Laboratory Consortium for Technology 
Transfer provides a support system to help U.S. firms 
capitalize on this Federal resource. Although it has taken 
several years for Federal agencies to make the necessary 
administrative arrangements, many have now success- 
fully negotiated CRADAs with industry participants. (See 
DOC 1989.) By the end of fiscal year 1990, nine Federal 
agencies had entered into 868 cooperative agreements, 
with the number of active CRADAs growing substantially 
every year. USDA and HHS accounted for 85 percent of 
this CRADA total (DOC 1991)."' (See text table 4-4.) Data 
on the dollar value of these CRADAs and other transfer 
activity indicators are not currently available. 


State-Based R&D Expenditures 


Many studies suggest that a critical mass of research 
is one of the fundamental requirements for high-tech 
industries to locate and grow in a region. (See Malecki 
1980.) Also, an apparent lesson of state competitions in 
the eighties for major research institutions such as 
DOD's Sematech (a consortium to develop manufactur- 
ing technologies) and DOE’s Superconducting Super 
Collider was that those institutions usually locate where 
major research and educational facilities are already 
established (Osborne 1989). 

This section presents summary material on the geo- 
graphic distribution of the U.S. domestic R&D effort. 
The analysis covers state R&D concentration levels—in 


"These R&D expenditures include administrative costs of intramu- 
ral and externally performed R&D programs by Federal personnel. 

NASA relies on the National Aeronautics and Space Act of 1958, 
rather than FTTA, to guide its technology commercialization activities. 
Thus, although it enters into cooperative R&D agreements, these do 
not fall under the terms of FTTA. NASA estimates the number of its 
agreements similar to CRADAs as follows: 75 in 1987, 95 in 1988, 127 
in 1989, and 147 in 1990. These cooperative research activities are not 
reflected in the above figures. 

Other agencies—notably DOE—perform much of their research 
through government-owned and contractor-operated FFRDCs, rather 
than government-owned and -operated laboratories covered under 
F TTA; much of this research has commercial potential that is also not 
reflected in the above figures. The National Competitiveness Act of 
1989 extended CRADA provisions to government-owned and contrac- 
tor-operated FFRDCs, including those sponsored by DOE. As of July 
1991, DOE laboratories had entered into a total of 24 CRADAs and 
were negotiating 19 more. 
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Text table 4-4. 
Number of active cooperative R&D agreements, by 


Agency 1987 1988 1989 1990 
Total, allagencies............ 33 99 276 460 
SS 9 51 98 128 
a 0 9 44 82 
Defense 

ene n hee kakt ek 6 0 2 7 13 

EE ae i wit b6% bs es 2 9 32 480 

NS Ak 6 hin ads ne ae t-w 0 <0 8 0 0 2 20 
ere 0 0 0 1 
Environmental Protection Agency. 0 0 2 #11 
Health and Human Services... . . 22 28 89 110 
i i a a 0 0 1 12 
Transportation............... 0 0 0 1 
Veterans Affairs ............. 0 0 1 2 


NOTE: Not all cooperative agreeements are included under the provi- 
sions of the Federal Technology Transfer Act. See text. 


SOURCES: Data submitted to the Technology Acdrninistration, 
Department of Commerce, by Federal agencie: “at own or operate 
laboratories. 
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the aggregate and by sector—and indicators of the 
research intensity of state economies. Also included is 
information on recent trends in state government sup- 
port for science and technology, including growth in the 
number of state-sponsored S&T programs and in state 
funding for R&D activities. 


Distribution of R&D Funds by State” 


Top 10 States. Of the $140 billion spent on R&D in the 
United States in 1989, almost one-half was spent in just 
five states (California, New York, Michigan, New Jersey, 
and Massachusetts). Moreover, more than two-thirds of 
the national R&D effort was performed in 10 states—the 
preceding five along with Texas, Pennsylvania, Ohio, 
Illinois, and Maryland. (See figure 4-12.) Performance of 
R&D in California alone reached $31 billion (23 percent of 
the U.S. total); R&D expenditures ranged between $5 and 
$10 billion in each of the other nine leading states. (See 
appendix table 4-22.) In contrast, the smallest 30 states 
collectively accounted for $15 billion (roughly 10 percent) 
of the R&D conducted nationwide in 1989. 


“This section presents information on the state location of R&D per- 
formed by industry, academia, and Federal agencies, and the federally 
funded R&D activities of institutions that are part of the nonprofit sec- 
tor. (See appendix table 4-22.) Consistent data on the state distribution 
of non-Federal R&D expenditures used by nonprofit institutions are 
not compiled. To account for differences in state sizes, these expendi- 
ture data are normalized by estimates of the states’ economic activity. 

“In this section, percentage shares and relative rankings are based 
on R&D performance expenditures that could be distributed among 
the states. Excluded from the $140 billion total are $2 billion of R&D 
performed in Washington, D.C., and an undistributed component of $5 
billion. (See appendix table 4-22.) 
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Not coincidentally, most of the states that are national 
leaders in total R&D performance also rank among the 
leading sites of industrial and academic R&D perfor- 
mance. (See appendix table 4-23.) For example, of the 10 
states that led in total R&D, 


e All but 1 (Maryland) ranked among the top 10 
industrial performers; 


e All but 2 (Ohio and New Jersey) ranked among the 
top 10 academic performers; 


® All but 2 (Michigan and New Jersey) ranked among 
the top 10 federally funded nonprofit performers; 
and 


e All but 3 (New York, Michigan, and Illinois) ranked 
among the top 10 Federal intramural performers. 


Furthermore, the 10 states that ranked highest in terms 
of R&D performance totals in 1989 were similarly ranked 
among the largest 10 in 1975." The relative stability in 
research distribution indicates that leading R&D centers are 
not easily outcompeted, especially over short time periods. 


R&D Intensity of States. The absolute levels of R&D 
expenditures noted above are indicators of the current 
breadth and scope of S&T activities within states. To 
some extent, they also indicate a state’s potential for fur- 
ther supporting such activities. Programs designed to 
broaden states’ R&D infrastructure are discussed below: 
however, to make more meaningful comparisons 
between states, indicators that normalize for the size of a 
state’s economy are also discussed. 

The ratio of R&D expenditures to GNP is used to gauge 
a country’s commitment to R&D and to measure the 
change in this commitment over time. (For the United 


“The exact ranking of these 10 did shift somewhat between 1975 
and 1989. See SRS (1989). 


Figure 4-12. 
Cumulative distribution of R&D performance, 
by state: 1989 


Billions of dollars 
140 
° %, 100% 
120 q by 94% 96% 98% 
100 
80 
60 
40 
20 
0 i L 1 l 
5 10 15 20 25 30 35 40 45 50 


Number of states 
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States, the R&l/GNP ratio was about 3 percent in 1989.) 
Similarly, the -atio of in-state R&D performance to gross 
state product (GSP) can be used to measure the R&D 
intensity of a state’s economy.” The largest R&D/GSP 
ratios were achieved in New Mexico (10 percent) and Dela- 
ware (6 percent). These two states were ranked 15th and 
26th, respectively, in terms of total R&D performance. (See 
text table 4-5 and appendix table 4-23.) On the other hand, 
California and New York led the Nation in te: ms of total 
R&D performance but were 6th and 18th, respectively, in 
terms of their economies’ R&D intensity—5 percent and 2 
percent, respectively. The median R&D/GSP ratio was 1.5 
percent in 1989: 25 states achieved a ratio higher than the 
median, and the ratio in 25 states fell below this figure. 


State S&T Programs” 


A key indicator of the level of growth in state support 
for S&T is the existence of state government organiza- 
tions established specifically for S&T development. The 
following sections describe the burgeoning of state S&T 
institutions and programs put in place during the eight- 
ies to support regional S&T-based economic growth. 


Overview.” In recent years, most states have created 
one or more programs designed to enhance their tech- 
nological and competitive capacities.** Although these 
S&T initiatives are as varied as the settings in which 
they have been launched, most seem to share three com- 
mon goals: job creation, business development, and eco- 
nomic diversification. According to the Department of 
Commerce’s clearinghouse (see footnote 37), by the 
middle of 1991 all states could identify a lead agency, 
board, or commission responsible for the promotion of 
S&T-based economic development programs. No fewer 


“The Bureau of Economic Analysis has prepared GSP data through 
1986 and is in the process of updating the data through 1989. GSP data 
used here were estimated based on annual state changes in employee 
compensation and proprietors’ income. See Renshaw, Trott, and 
Friedenberg (1988)and appendix table 4-23. 

“S&T” is used here, rather than R&D, to emphasize the broad 
range of state activities in support of economic development based on 
science and technology. 

“Information presented in this section is taken from a new data base 
developed by the Clearinghouse for State and Local Initiatives on 
Productivity, Technology. and Innovation in the Department of 


Commerce's Office of the “ Secretary for Technology Policy of the 
Technology Administra’ mnibus Trade and Competitiveness 
Act of 1988 specified cree clearinghouse to serve as “a central 


repository of information on initiatives of State and local governments to 
enhance the competitiveness of American business through the stimula- 
tion of productivity, technology, and innovation and Federal efforts to 
assist State and local governments to enhance competitiveness.” 

The data base contains information on more than 100 different S&T 
program variables. The information contained here reflect data avail- 
able as of August 1991. However, because programs are constantly 
coming into, and going out of, existence, accurate counts are difficult 
and there are bound to be a few errors of inclusion, interpretation, or 
omission. For another recent snapshot of state S&T programs, see 
Phelps and Brockman (1991). 

“For a summary of states’ historical involvement in S&T programs, 
see NSB (1989), pp. 98-101. For a detailed analysis of trends in the 
eighties, see Osborne (1988). Osborne (1989) provides a preliminary 
assessment of various state S&T mechanisms. 
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Text table 4-5. 
State ranking of total R&D performance 
and research intensity: 1989 
Rank 
Total R&D/ Total R&D/ 
R&D GSP' R&D GSP ' 
1 California... .. 6 15 New Mexico .... 1 
2 New York... .. 18 26 Delaware ...... 2 
3 Michigan ..... 5 4 Massachusetts . 3 
4 Massachusetts 3 10 Maryland....... 4 
5 New Jersey 8 3 Michigan....... 5 
6 Texas ....... 23 1California....... 6 
7 Pennsylvania 15 29idaho......... 7 
8Ohio ........ 13 5 New Jersey... .. 8 
Q illinois ....... 20 12 Washington. .... 9 
10 Maryland ..... 4 13 Connecticut... . . 10 
11 Florida....... 27 37 Vermont ....... 11 
12 Washington .. 9 14 Missouri ....... 12 
13 Connecticut . . 10 8Ohio.......... 13 
14 Missouri... ... 12 17 Minnesota...... 14 
15 New Mexico 1 7 Pennsylvania. 15 
16 Virginia ...... 24 20 Colorado....... 16 
17 Minnesota .. 14 34 Rhode Isiand.... 17 
18 indiana....... 21 2 New York ...... 18 
19 North Carolina 29 27 Utah.......... 19 
20 Colorado ..... 16 Qillinois......... 20 
‘Research intensity is measured as the ratio of in-state R&D perfor- 
mance to gross state product (GSP). 
See appendix tables 4-22 and 4-23. 
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than 40 of these entities were established during the 
eighties; six states put such institutional arrangements in 
place only within the past 2 years. (See appendix table 
4-24.) Agency responsibilities vary enormously, ranging 
from the simple provision of information and advisory 
services to active participation in multimillion dollar 
technology programs. Although some initiatives are 
obviously much farther along than others, each general- 
ly is designed to improve the state’s economic environ- 
ment by 


e Strengthening linkages among the state’s financial, 
academic, and business communities; 


e Promoting entrepreneurship; and 


e Upgrading the overall scientific and technological 
base of the local economy by building on existing 
regional strengths.” 


“This last point is in stark contrast to the type of state economic 
development programs prevalent in the sixties and seventies. Then, 
states often pursued a “smokestack chasing” practice of luring compa- 
nies away from one state to relocate to another. Most S&T-based pro- 
grams are concerned more with creating new businesses—spinoff 
companies—or modernizing existing in-state industries. 
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States have adopted several experimental approaches 
in fostering technology-driven development. Summary 
data on four of the more pervasive approaches are pro- 
vided here. (See appendix table 4-24.) Two of these 
mechanisms—vesearch grants and research centers—usu- 
ally require heavy university participation; the other 
two—R&D tax credits and business startup support— 
affect only the industrial sector.“ Although some states 
concentrate on the industrial sector and others focus on 
university-based research, most initiatives have a mixed 
university-industry orientation. States in the Northeast 
and Midwest—which were among the first states to initi- 
ate S&T programs in response to the downturn in their 
manufacturing sectors during the late seventies and 
eighties—generally seem to use a larger variety of S&T 
mechanisms than do other states. Five states—Arkan- 
sas, Indiana, lowa, Kansas, and North Carolina—contin- 
ue to use each of the four named development tools.*' 
(See figure 4-13.) 


Research Grants and Centers. An important com- 
ponent of most state technology development strategies 
is research grants. At least 36 states use this mechanism 
for prumoting local growth. Research grants usually 


e Are made to universities based on joint proposals 
from a university and a private sector sponsor, 


e Are intended to strengthen the applied rather than 
basic research base,” and 


e Require matching funds from the private sector. 


This last requirement ensures that state dollars are 
leveraged with outside funding and provides some assur- 
ance that the proposed research has commercial potential. 

Although research grants are distributed through vari- 


“The programs covered here are not the only ones that states use to 
spur technological development. Other popular approaches include 
establishment of research parks—to encourage planned clustering of 
technology companies and foster university-private sector partner- 
ships—and incubator facilities providing startup companies with 
below-market rates for office and lab space as well as shared clerical 
and computer services. A number of states also work with local 
Federal laboratories to assist small and medium-sized manufacturers 
to commercialize Federal technologies. Passage of FTTA in 1986 
encouraged this development. (See “Industry-Government 
Cooperative Agreements,” p. 102.) 

‘Up until recently, Minnesota and Massachusetts also used all four 
S&T devices covered in this section. Minnesota discontinued its indus- 
try grant program in 1991 and merged two of its leading S&T institu- 
tions into a single entity. Massachusetts’ S&T efforts underwent major 
restructuring during 1991, including the privatization of its six previ- 
ously quasi-public Centers of Excellence. However, the state has 
enabled the creation of successor entities designed to continue the 
mission of S&T promotion. The newly formed Biotechnology Center of 
Excellence Corporation and the Massachusetts Foundation for 
Excellence in Marine and Polymer Sciences began operations in July 
1991 and are stimulating S&T-based economic development in their 
areas of interest. In redefining the state role as one of facilitation, 
rather than program operation, the state legislature allocated no future 
funds for continued direct investment in many S&T programs that pre- 
viously received state support (Phelps and Brockman 1991). 

“That is, support of innovation and technology transfer for local eco- 
nomic development is the objective, and not the support of research 
for its own sake. 
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ous means, by far the bulk of the money flows through 
state-initiated research or technology centers. Such “cen- 
ters of excellence” have been established in 27 states and 
usually are located at universities—or at least affiliated 
with them. The centers generally concentrate on a specif- 
ic field of research, drawing heavily on the strengths of an 
associated university and/or major industries in the state. 


Tax Credits and Startup Support. Often patterned 
after the Federal R&E tax credit (see “R&D Tax Credits,” 
pp. 101-02), many states have designed their own tax 
incentives to encourage industry's in-state R&D invest- 
ment. Provisions for R&D tax credits and/or exemptions 
are on the books in at least 20 states. 

Many states also provide considerable S&T support 
for industry’s post-R&D activities. In fact, no fewer than 
31 states have given some kind of financial support for 
business startup programs, including either one-time 
capitalization or ongoing funding and oversight. Six 
states have seed capital programs to assist companies 
trying to develop a marketable product. Seven states 
have venture capital programs to assist developing com- 
panies that have established business plans and com- 
mercially feasible projects. Eighteen states have both. 


State Funding of R&D 


Growth in state R&D funding is a direct indicator of a 
state’s commitment to the building of its S&T base. It is 
also an indicator of expanding inter-sector research link- 
ages, given the university-industry cooperative require- 
ments increasingly associated with state funding. Two 
different data sources using different methodologies 
show growth in state support of R&D.” And, although 
state funding is not necessarily the causal factor, these 
data also show increasing support by industry for R&D 
performed on the Nation’s campuses—an aim of many 
states’ S&T policies. 


Funds for Academic R&D by State."' Universities 
reported about $1.2 billion of support for R&D from state 
and local government sources in 1989, an amount equiva- 
lent to 8 percent of total R&D performed by the academic 
sector. (See appendix table 4-22.) Broken out by state, 
these same data reflect differing state resource patterns 
and show the effects of different institutional mixes in indi- 
vidual states. 

Ten states accounted for over 50 percent of total national 
academic R&D expenditures from state and local sources. 
Texas alone, with a strong tradition of direct state govern- 
ment funding of institutional activities, accounted for the 


“The two NSF data sources are the annual Survey of Scientific and 
Engineering Expenditures at Universities and Colleges and the occa- 
sional Survey of State Government Research and Development. 

“These data show only state and local government sources of funds 
that are separately budgeted for specific projects. General university 
funds used for academic R&D purposes are not included here. These 
data do not include R&D performed by university-administered 
FFRDCs. 
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Figure 4-13. 


State promotion of S&T-based economic development 


oo 7 
o 


NOTE: Data are as of August 1991 
See appendix table 4-24. 


largest share—10 percent—of nationwide non-Federal 
governments’ R&D support to universities. These sources 
in Texas provided 12 percent ($124 million) of the funding 
for the state's total academic R&D. By comparison, univer- 
sities in California—whose total R&D expenditure was the 
largest nationwide and nearly twice that of Texas in 1989— 
received 3.6 percent (543 million) of its funding from state 
and local sources. This smaller proportion reflects (1) a 
large Federal funding share and (2) the presence of major 
private research universities that were less likely to receive 
state funding for R&D. (Nationally, private universities 
received only 2.4 percent of their R&D funding from state 
and local governments, compared to an 11.3-percent share 
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at public universities.) 

As a percentage of a state's academic R&D total, the 
state and local government share is relatively most 
important to universities in South Dakota—whose total 
R&D expenditure in 1989 was the smallest in the 
Nation—where it provided almost 40 percent of funds. 
Indeed, in many states where the academic R&D expen- 
diture total was comparatively small, state government 
provided a relatively large proportion of the funding 
total. (See text table 4-6.) 

Insofar as state S&T policy objectives include encour- 
agement of university-industry interactions, industry sup- 
port of university R&D may serve as one indicator of the 


Science & Engineering Indicators — 1991 


success of those policies.’ For all states combined, indus- 
trial sources of support for academic R&D have grown 
faster than all other sources of support, increasing 179 
percent in constant dollars from 1980 to 1989. Support 
from other sources was up 60 percent. (See appendix 
table 4-2.) As a percentage of the Nation's total academic 
R&D effort, industry sources of support increased from 4 
to 7 percent. Some states obtain a notably larger than 7- 
percent share of their academic R&D from industrial 
sources. This point is startlingly true of states in which 
university R&D performance is rather small. For exam- 
ple, total R&D activities on the campuses of Maine—S20 
million—ranked that state 49th nationwide in 1989; yet 
industry provided a Nation-leading 20-percent share of 
total. (See text table 4-6.) Indeed, of the eight states that 
received the proportionately largest shares (10 percent or 
more) of their academic R&D funding from industry, 
six—Maine, Idaho, Nevada, Delaware, West Virginia, and 


"See Feller (1990) and Berman (1990) for contrasting views on the 
role of universities in industrial development activities. 


Text table 4-6. 
States where non-Federal and industry 
comprise the largest shares of academic R&D 
funding: 1989 
Support for academic R&D 

Rank, Non-Federal Rank, 
total government Industry total 
academic share share academic 
R&D (percent) Rank (percent) R&D 

U.S. averag2 8.2 6.6 U.S. average 
51 South Dakota. . 39.4 1 20.0 Maine ...... 50 
38 Hawaii....... 35.0 2 12.7 idaho. ...... 46 
41 Arkansas... .. 27.9 3 12.1 New Mexico... 29 
37 Mississippi. . 27.3 4 12.0 Pennsylvania. 6 
34 Nebraska... .. 24.5 5 12.0 Nevada..... 45 
46 idaho........ 24.4 6 11.0 Delaware.... 44 
47 Montana ..... 24.4 7 10.1 West Virginia. 43 
26 Louisiana... .. 24.0 8 10.0Montana .... 47 
33 Kansas ...... 22.4 9 9.9 Missouri. .... 19 
17 Virginia. ..... 19.0 10 9.7 North Carolina. 9 
18 Minnesota.... 164 11 9.7 Nebraska. . 34 
13 Wisconsin.... 164 12 9.4Arkansas.... 41 
15 New Jersey... 15.9 13 9.1 North Dakota. 48 
23 Tennessee.... 15.1 14 9.1 Massachusetts 5 
30 South Carolina. 14.5 15 8.9 Kentucky . . 35 
9 North Carolina. 144 16 8.5 Georgia..... 10 
28 Oregon ...... ae WwW 8.4 Virginia ..... 17 
3Texas....... 123 18 8.2 Vermont. .... 42 
24lowa........ Ta |6w! 8.1 indiana ..... 20 
SPU vtiedees 118 20 7.9 Rhode isiand. 36 
See appendix table 4-22 Science & Engineering indicators - 1991 
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Montana—ranked among the smallest nine states in 
terms of total academic R&D performance levels. 


State Agency R&D Expenditures. Although the 
most recently available NSF data on state agencies’ R&D 
support are for 1988, their inclusion here provides for a 
more comprehensive overview of state R&D involvement. 
(See appendix table 4-25.) These data are only for state 
government expenditures that flow through state agency 
budgets; they therefore exclude, for example, all other 
funding for R&D activities by universities and colleges— 
including direct appropriations from state legislatures. 

Like the academic data reported above, total state 
agency expenditures for R&D from state sources of funds 
have increased overall, doubling between 1977 and 1988 
to about $630 million (in constant dollars). Nevertheless, 
these expenditures still accounted for only 1 percent of 
the national R&D funding total. State agency support for 
R&D facilities rose dramatically, resulting in a more than 
tenfold inflation-adjusted increase to $160 million. Some 
states, however, reported declines in real dollars. Care 
should be taken in using these data, because states differ 
considerably in their reliance on state agencies to dis- 
burse R&D funds. Some states appropriate most funds 
directly to institutions themselves, and this source of sup- 
port for R&D is not reflected in these data. 


International Comparisons 


Comparisons of S&T activities between the United 
States and other major industrialized nations provide an 
indication of the strength of each countries’ overall S&T 
endeavors. The success of these endeavors depends in 
part on the adequacy of financial R&D inputs; comparisons 
of international R&D spending patterns are provided in 
this section.” Performer and source expenditure patterns 
are contrasted, trend data reviewed, and spending by 
socioeconomic objective summarized. The section closes 
by placing the U.S. industry R&D effort in a global context. 


R&D Funding by Source and Performer 


The United States spent more money on R&D activi- 
ties in 1989 than did any other country; in fact, it spent 
more than the next four largest performers—Japan, 
West Germany, France, and the United Kingdom—com- 
bined." (See appendix table 4-26.) By sector, national 
governments and industry dominated as a percentage of 
each country’s respective R&D funding and performance 


"R&D data for the major industrialized countries are obtained from 
reports to the Organisation for Economic Cooperation and 
Development (OECD). Few R&D data are systematically collected for 
developing countries; UNESCO reports such estimates where they 
exist. Although there is a fairly high degree of consistency in the R&D 
data reported by OECD, data for countries reporting to UNESCO are 
less comparable—principally because of differences in national statisti- 
cal collection capabilities and definitions. For a summary of the 
UNESCO and OECD data, see SRS (199 1c). 

Data for Germany are for West Germany alone. R&D expenditures 
in the former East Germany are not included. 


totals. Shares for these sectors, however, differed sub- 
stantially from one country to the next. Although govern- 
ment was the source of 45 to 50 percei;t of R&D funds in 
the United States and France, it provided somewhat less 
in the United Kingdom (37 percent) and West Germany 
(33 percent), and considerably less in Japan (19 per- 
cent). (See figure 4-14.) Since 1975, government funding 
shares in all five countries declined, dropping most 
sharply in the United Kingdom (15 percentage points) 
and West Germany (14 percentage points). With the 
exception of France, industry provided more than half of 
the R&D funds in each of these countries in 1989. It pro- 
vided 72 percent of Japan’s R&D total. 

Industry was the largest R&D performer in each of the 
five countries, with shares ranging from 60 percent in 
France to 72 percent in both the United States and West 
Germany. The industry R&D performance share grew 
most rapidly in Japan—from 57 percent of total in 1975 to 
70 percent in 1989. (See appendix table 4-28.) Govern- 
ment as an R&D performer was relatively smallest in 
Japan and the United States, accounting for 8 and 11 per- 
cent, respectively, of each country’s R&D total. Govern- 
ment’s R&D performance—including that in several non- 
privatized industries—accounted for about one-fourth of 
France’s R&D effort. 

The United States and Japan devoted about the same 
proportion of their investments to basic research: 14 
percent and 13 percent, respectively, in 1988. (See 
appendix table 4-29.) In dollar terms, the U.S. basic 
research investment ($15 billion) was three times that 


“Detailed and more extensive data can be found in SRS (199 1c). 


Figure 4-14. 
international R&D funds, 


by performer and source: 1989 
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of Japan ($5 billion). West Germany spent 19 percent of 
its total R&D on basic research ($4 billion), compared 
to 23 percent for France (S3 billion). 


R&D Funding as a Percentage of GNP 


Total R&D. R&D expeniitures as a percentage of 
GNP have become one of the most widely used indica- 
tors of a country’s commitment to scientific knowledge 
growth and technology development. The industrialized 
nations of France, West Germany, Japan, Sweden, the 
United Kingdom, and the United States each maintained 
an R&D/GNP ratio of between 2 and 3 percent through- 
out the eighties. (In Italy, this ratio rested near 1 per- 
cent.) Generally, the R&D/GNP ratio increased annually 
in these countries, although the rate of change varied 
somewhat. The approximate 2.7-percent R&D/GNP ratio 
of the United States in 1989 was about half a percentage 
point higher than its 1980 ratio. (See figure O-2 in Over- 
view and appendix table 4-26.) Even with this growth, the 
U.S. R&D/GNP ratio did not keep pace with the same 
indicator in Japan and West Germany, whose ratios were 
2.9 and 3.0 percent, respectively. And, in spite of a recent 
decline in its R&D/GNP ratio, Sweden also invested a 
slightly larger GNP share on R&D (2.8 percent in 1989) 
than did the United States. In dollar terms, however, 
Sweden’s R&D expenditures were only 3 percent of those 
in the United States. 


Nondefense R&D. Differences in R&D emphases 
among these countries become clearer when the data 
are disaggregated. Nondefense R&D expenditures as a 
percentage of GNP in both Japan (3.0 percent) and West 
Germany (2.8 percent) considerably exceeded those of 
the United States (1.9 percent); they have done so for 
more than two decades. (See figure O-2 in Overview and 
appendix table 4-27.) The nondefense R&D ratios uf 
France (1.8 percent) and the United Kingdom (1.6 per- 
cent) were only slightly below that of the United States. 

In absolute dollar terms, the U.S. international position 
was markedly different from that indicated by the non- 
defense R&D/GNP ratios. Between 1972 and 1989, only 
Japan and Italy had increased nondefense R&D spending 
(up 207 and 97 percent, respectively, in constant dollars) 
at a faster rate than had the United States (up 88 per- 
cent).” The result is that as a percentage of the U.S. non- 
defense R&D total, comparable Japanese spending 
jumped from 35 percent in 1972 to 58 percent in 1989. 
(See figure 4-15.) Japanese nondefense R&D reached $46 
billion in 1989, compared with the $79 billion U.S. non- 
defense R&D total. Italy's nondefense R&D grew from an 
amount equivalent to 8 percent of the U.S. nondefense 
R&D total in 1972 to 10 percent (S8 billion) in 1989. West 


“Comparable data for the United Kingdom are extremely outdated. 
The most recent figure (1981) indicates, however, that the basic 
research share was 13 percent. 

“See appendix table 4-26 for details on conversion of national cur- 
rencies to dollars. 
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Germany spent an amount equal to about 26 percent of 
U.S. spending on nondefense R&D in both years (S21 bil- 
lion in 1989), while France annually spent an amount 
equivalent to about 15 percent of the U.S. total (S12 bil- 
lion in 1989). United Kingdom nondefense R&D spend- 
ing fell by 3 percentage points relative to that of the 
United States, dropping to 13 percent or $10 billion. 


F&D by Socioeconomic Ohbiective ’ 


Countries’ relative shares of government R&D appro- 
priations (excluding general university funds—GUF) 
reflect marked differences in national priorities. In the 
United States, 66 percent of total 1989 Federal invest- 
ment in R&D was devoted to national defense, compared 
tc 55 percent in the United Kingdom, 42 percent in 
France, 19 percent in West Germany, and 9 percent in 
Japan.” (See text table 4-7.) The U.S. Government also 
emphasizes health-related R&D (13 percent of total); this 
emphasis was especially notabie in its R&D support 
given to academic and similar institutions.” 

Energy-related activities accounted for 39 percent of 
Japanese Government R&D appropriations in 1989, 
reflecting the country’s concern with its high dependence 
on foreign sources of energy. The Government of West 
Germany invested considerably in R&D related to indus- 
trial development and the advancement of research (each 
about one-fifth of the government total) as did France 
with 15 and 18 percent, respectively, of its 1989 R&D 
total. In the United Kingdom, R&D funding for industrial 
development—at 10 percent of total—trailed only defense 
in percentage share. Industrial development accounted 
for 8 percent of the Japanese total, but just 0.2 percent of 
the government R&D funding total in the United States. 
The latter figure—which may be understated relative to 
other countries as a result of compilation differences— 
nonetheless reflects longstanding U.S. policy to rely on 
private sector investment decisions in this area. 


“Data on the socioeconomic objectives of R&D funding are rarely 
obtained by special surveys. They generally are extracted in some way 
from national budgets which already have their own methodology and 
terminology, and thus are subject to comparability constraints not 
placed on other types of international R&D data sets. Notably, 
although each country adheres to the same criteria for distributing 
their R&D by objective (as outlined in OECD 1981), the actual classifi- 
cation may differ among countries because of differences in the prima- 
ry objective of the various funding agents. Note also that these data are 
of government R&D funds only, which account for widely divergent 
shares and absolute amounts of each country’s R&D total. 

“The shares presented here and in text table 4-7 are adjusted to 
exclude general university funds which are reported separately for Japan 
and European countries. For example, GUF accounted for 18 percent of 
the government-funded R&D total in the United Kingdom: Unadjusted 
for GUF, its defense share was 46 percent in 1989. The United States 
does not have an equivalent GUF category: Funds to the university sec- 
tor are distributed among the objectives of the Federal agencies that 
provide the R&D funds. (See appendix table 4-30 for further details.) 

“For detailed comparisons of academic and academically related 
research, including GUF estimates, in the United States, United 
Kingdom, The Netherlands, France, West Germany, and Japan, see 
Irvine, Martin, and Isard (1990) and NSB (1989), pp. 98-99. 
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Text table 4-7. 
Government R&D support, 
by socioeconomic objective: 1989 
United West United 
States Japan Germany France Kingdom 
Percent 

WP occccecces 100.0 100.0 100.0 1000 100.0 
Defense ........ 65.5 90 11990 419 552 
Civilspace ...... 73 00«4104 8.5 8.7 38 
Advancement of 

research ...... 38 138 207 175 5.8 
1229 48 5.2 3.7 6.2 
industrial 

development... O02 81 190 150 103 
Peer 39 392 9.5 40 4.0 
Agriculture, forestry, 

and fishing... .. 19 8=666.5 3.1 46 5.5 
sg ere 45 76 149 45 9.2 


NOTE: Data were adjusted to exclude general university funds for 
Japan (43 percent of the government-funded R&D total), West 
Germany (33 percent), France (12 percent), and the United Kingdom 
(18 percent). See text. 


See appendix table 4-30. Science & Engineering indicators - 1991 
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Globalization of R&D 


R&D investing has become increasingly global since 
roughly the mid-seventies. Stiff international competi- 
tion in research-intensive, or high-technology, products 
has necessitated many firms’ expansion into foreign 
markets. (See chapter 6, “The Global Market,” 
p. 136.) As a factor in this global market shift, growing 
development costs and shortening product life cycles 
have compelled corporate managers to expand over- 
seas research activities so as to tailor products for the 
specific needs of foreign customers. Thus, much of the 
R&D undertaken abroad is meant not to displace 
domestic R&D, but rather to support overseas business 
growth.” 

Growth in R&D funds moving both into and out of 
the United States has been quite strong for the past 
decade or so. On average, U.S. overseas R&D invest- 
ments grew by 5.3 percent per year between 1977 and 
1989 (in constant dollars). This rate was slightly below 
that for growth in total U.S. industry R&D funding—5.7 
percent annually. And since 1985, the overseas R&D 
component has grown at six times the rate of industry’s 
domestic funding (11.9 versus 2.1 percent per year): 
R&D abroad is now equivalent to 9 percent of indus- 
try’s onshore R&D expenditures. (See figure 4-16.) U.S 
companies and their foreign subsidiaries in the motor 
vehicles, machinery (including computers), and drug 
industries account for the largest shares of this foreign- 
based R&D activity. Together, they comprised 58 per- 
cent of the 1989 overseas performance total. (See 
appendix table 4-31.) Time series data are not available 
on which countries receive this U.S. R&D investment.” 

About $6.3 billion was spent on R&D abroad by U.S. 
companies in 1988. Foreign companies spent about 17 
percent more ($7.4 billion) on R&D in the United 
States. From 1977 to 1988, growth in this foreign- 
sourced R&D investment averaged 14 percent per year, 
or more than twice the rate of growth in domestic R&D 
activities by U.S. companies. As a result, foreign R&D 
was equivalent to 11 percent of all industry’s R&D fund- 
ing in the United States in 1988, up from its equivalent 
5-percent share in 1977. (See figure 4-16.) Foreign fund- 
ing came primarily from Canada, West Germany, and 
the United Kingdom; although the R&D flows from 
other European countries and Japan also increased 
steadily over the past decade. Foreign-funded research 
was concentrated in the industrial chemicals, drugs, 


“Companies consider a myriad of factors before undertaking R&D 
overseas: Market access and accommodation of local requirements are 
but two of them. Tax and regulatory policies, as well as the availability 
of trained researchers and access to new scientific and technological 
developments in other countries, also influence R&D location deci- 
sions. See NSB (forthcoming) and Howells (1990a and 1990b). 

"See, however, Bloom and Rubinger (1991) for information on U.S. 
firms’ investment in R&D facilities in Japan. 
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Figure 4-16. 
Foreign and U.S. overseas R&D 
Total foreign R&D in U.S. and 
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See appendix tabies 4-31 and 4-32. 
Science & Engineering Indicators — 1991 


and electrical equipment industries.” (See appendix 
table 4-32.) 


“The foreign R&D data reported here come from an annual survey 
of Foreign Direct Investment in the United States conducted by the 
Bureau of Economic Analysis. The Bureau reports that the fereign 
R&D totals are comparable to the U.S. R&D business data published 
by NSF. Industry-specific comparisons, however, are limited because 
of differences between the two surveys in industry classifications. (See 
Quijano 1990.) 
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HIGHLIGHTS 


The Spreading Base and Geographic 
Distribution of Academic R&D 


Funding for Academic R&D 


¢ The 1980s saw a continuation of a trend, observed 


over the last several decades, toward an increasing 
role for academic performers in total U.S. research 
and development (R&D). From 1981 to 1991, real 
growth (in constant 1982 dollars) in academic R&D 
expenditures averaged 5.5 percent annually. In cur- 
rent dollars, funding over the period rose from just 
below $7 billion to an estimated $17 billion, increasing 
from a 9.5-percent share to an 11.3-percent share of 
total U.S. R&D expenditures. See p. 116. 


Much of this R&D growth occurred between 
1985 and 1991 when growth was much stronger 
for the academic sector than for any other per- 
forming sector, an estimated 44 percent, compared 
to about 11 percent for federally funded research and 
development centers and other nonprofit laboratories, 
4 percent for industrial laboratories, and about 3 per- 
cent for Federal laboratories. See p. 116. 


¢ The Federal share of academic R&D support has 


continued to decline as industrial and internal uni- 
versity support have been growing more rapidly 
than that of the Federal Government in recent 
years. In 1991, Federal sources provided an estimated 
56 percent of academic R&D support, down from 69 
percent in 1971. In constant dollars, however, academ- 
ic R&D financed by Federal support increased by 77.5 
percent during this 20-year period. See p. 117. 


e After the Federal Government, academic institu- 


tions that performed the R&D provided the second 
largest share of academic R&D support. From 1971 
to 1991, the institutional share grew from 11 percent 
to an estimated 20 percent of academic R&D expendi- 
tures. See p. 117. 


Facilities and Instrumentation 
e The country’s research universities have undertak- 


en large increases in investment in academic R&D 
facilities and instrumentation during the 1980s. 
Total capital expenditures for academic science and 
engineering (S&E) facilities (plant and fixed equip- 
ment) increased during the 1980s at an average annual 
rate of 6.6 percent in constant 1982 dollars. Expen- 
ditures for academic research instrumentation have 
averaged 9.6 percent annual growth for Federal support 
and 11.3 percent for non-Federal support since 1983 in 
constant dollars. The number of instruments available 
for R&D more than doubled between 1982/3 and 
1988/9. See pp. 121-22. 


During the 1980s, a growing number of academ- 
ic institutions have become major research per- 
formers, as evidenced by their sustained volume 
of real research expenditures. In 1980, 277 academ- 
ic institutions reported total R&D spending of at least 
$1 million (in constant 1988 dollars) in 1,162 of their 
S&E fields; by 1989, these same institutions reported 
such volume for 1,575 of their S&E fields. See p. 124. 


Continuing a trend that was evident in the 1970s, 
the 1980s witnessed a slow but marked shift in 
the distribution of academic R&D toward the Sun 
Belt and away from the North, East, and—to a 
lesser degree—West. The South’s share rose to 
29 percent from 26 percent in the early 1980s and 23 
percent a decade earlier. Similar patterns exist for 
Federal and non-Federal R&D funds, and for most 
major fields. See p. 124. 


Characteristics of Doctoral Researchers in 
Academic R&D 


During the 1980s, the number of academic doc- 
toral researchers increased more rapidly than 
their total academic employment in every major 
field. Total employment increased by 32 percent, 
from 153,220 in 1979 to 202,208 in 1989. The number 
with primary responsibility for teaching increased by 
25 percent (82,643 to 103,115), while those with pri- 
mary research responsibility rose by 60 percent 
(48,517 to 77,455). Concurrently, doctoral scientists 
and engineers reporting that R&D was their primary 
or secondary responsibility rose by 54 percent, from 
100,562 in 1979 to 154,860 in 1989. See p. 125. 


e As a group, academic researchers are aging. In 


1973, only 25 percent of academic researchers had 
earned their Ph.D. degrees more than 15 years earli- 
er; this fraction was 45 percent by 1989. The increas- 
ing age of academic researchers tends to reflect both 
the rising average age of doctoral academics in gener- 
al and low academic hiring levels. See p. 128. 


Each new cohort of Ph.D.-holders hired into 
academia tends to be more active in research than 
the preceding ones and to stay more active through 
the years. Between 1979 and 1989, the proportion of 
all academic doctoral scientists and engineers whose 
primary or secondary work activity was research rose 
from 67 to 78 percent. See p. 128. 


Women and Minorities in Academic R&D 


¢ The number of doctoral women in academic R&D 
more than doubled between 1979 and 1989, 
increasing faster than either the number of S&E Ph.D. 
degrees awarded to females or women’s overall aca- 
demic employment. Women in 1989 represented 17 
percent of all academic researchers; almost half of 
female researchers were active in the life sciences. See 
p. 126. 


e Since 1979, increases in research participation 
for minorities have been stronger than for whites. 
But the overall number of minority researchers—par- 
ticularly of blacks, Hispanics, and Native Americans— 
remains very low. In 1989, minorities constituted 13 
percent of academic doctoral S&E researchers; nearly 
three-quarters of these were Asians. See p. 127. 


Support of Academic Research Personnel 

¢ Despite a decline in the Federal share of academic 
R&D funding over the past decade, a rising propor- 
tion of academic researchers received at least some 
support from Federal sources: 53 percent in 1979 


Introduction 


Chapter Focus 


Academic research and development (R&D) is an inte- 
gral part of the national R&D enterprise. The sector now 
accounts for an estimated 11.3 percent of national R&D 
expenditures and almost half of national basic research 
expenditures. Moreover, the 155,000 doctoral scientists 
and engineers engaged in academic R&D activities in 
1989 comprised almost a third of the U.S. doctoral sci- 
ence and engineering (S&E) workforce. 

This chapter addresses the following three principal 
aspects of academic R&D: 


e Financial resources—sources of funding, distribu- 
tion among institutions and disciplines, the Federal 
Government’s funding role, the financing of aca- 
demic R&D facilities and instrumentation, the 
spreading base of academic R&D, and its geograph- 
ic distribution; 


¢ Doctoral personnel—characteristics of doctorate- 
level scientists and engineers employed by academ- 
ic institutions; and 

¢ Research outputs—the academic sector's publica- 
tions and patents. 


Chapter Organization 


The chapter opens with a discussion of trends in finan- 
cial resources provided for academic R&D, including 
allocation across both institutions and fields, and of the 
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versus 59 percent in 1989. Increases were evident for 
all age groups and most major fields. See p. 129. 


¢ In 1989, a record proportion—28 percent—of 
the growing number of full Gme S&E graduate 
students were supported by research assis- 
tantships. During the eighties, the number of gradu- 
ate students for whom this mechanism was the prim- 
ary source of support rose by 60 percent. See p. 130. 


Outputs of Academic R&D: Scientific 
Publications and Patents 


e U.S.-based authors continue to account for 36 
percent of all publications in a set of about 
3,200 major U.S. and international technical 
journals. This percentage remained steady through 
the 1980s. See pp. 129-30. 


e Patenting by U.S. universities increased sharply 
in the 1980s. More than one-fifth of all patents 
issued to academic institutions since 1969 were 
awarded in 1989-90. The 100 major research universi- 
ties accounted for an increasing share of these 
patents. See pp. 130-31. 


changing importance of various key sources of financial 
support. Since the Federal Government has been the pri- 
mary source of support for academic R&D for over half a 
century, its role is explored in greater detail. New this 
year is a discussion of the key Federal funding agency 
for each S&E field and how the importance of that agen- 
cy to the field has changed over time. Also new this year 
is a discussion of the indirect cost component of the aca- 
demic R&D budget based on National Science Foundation 
(NSF) and National Institutes of Health (NIH) data. The 
section also includes data on funding trends for two key 
elements of university infrastructure—facilities and 
instrumentation. 

For the first time in the Science & Engineering Indica- 
tors series, data are presented about the expansion of the 
institutional base in which academic R&D is housed: the 
number of institutions, divisions, and departments that 
are active in R&D and their funding levels. 

The second section of the chapter covers the academ- 
ic R&D workforce and is limited primarily to scientists 
and engineers with doctoral degrees, since they are the 
major participants in academic R&D. (Also, very little 
data are available on nondoctoral academic research per- 
sonnel.) Trends in the growth of various disciplines and 
in the numbers of women and minorities in academic 
R&D fields are addressed. The chapter presents new 
information about the changing age structure of academ- 
ic researchers, the trend toward increased research par- 
ticipation in academia, and the extent of Federal support 
provided to academic doctoral researchers. Also includ- 
ed is a brief discussion of the number of graduate stu- 
dents involved as research assistants in academic R&D. 
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The chapter’s final section discusses the outputs of 
academic R&D, specifically the publications in scientific 
and engineering journals and the patents issued to U.S. 
universities. 


Financial Resources 
for Academic R&D’ 


This section focuses on the levels and sources of sup- 
port for R&D activities at U.S. universities and colleges. 
Beginning with an examination of the role of academic 
R&D in the context of the national R&D system, it cov- 
ers R&D funding patterns in terms of funding sources 
and their distribution among academic institutions and 
across S&E fields. The role of the Federal Government 
in supporting R&D at universities and colleges is 
explored in some detail, including the support provided 
by certain key agencies to both overall academic R&D 
and specific S&E fields. Support for academic R&D facili- 
ties and instrumentation, particularly the levels of invest- 
ment made in these during the 1980s, is examined, as 
are the spreading base and geographic distribution of 
academic R&D. 

Additionally, two highly topical subjects related to the 
main discussion—Federal reimbursement of indirect 
costs and the Congressional earmarking of R&D funds— 
are covered in this section. 


Academic R&D in a National Context 


In 1991, an estimated $17.2 billion was spent for R&D 
at U.S. academic institutions.’ (See figure 5-1.) This level 
of expenditure represents a continuing trend, observed 
over the last several decades, of an increasing role for 
academic performers in total U.S. R&D. Academic R&D 
in 1991 made up 11.3 percent of total R&D, compared 
with 9.4 percent in 1971. During the 1971-91 period, 
research performed in academic institutions rose from 
25.4 percent to an estimated 27.7 percent of total U.S. 
research expenditures. 

In constant 1982 dollars, academic R&D increased an 


'Data in this section come from several different NSF surveys that 
do not always use comparable definitions or survey methodologies. 
The three main surveys concerned with academic R&D are (1) the 
Federal Funds for Research and Development Survey; (2) the Federal 
Support to Universities, Colleges, and Selected Nonprofit Institutions 
Survey; and (3) the Scientific and Engineering Expenditures at 
Universities and Colleges Survey. The results from this last survey, 
based on data obtained directly from the universities and colleges, do 
not generally match the data from the other two surveys. For descrip- 
tions of the methodologies of these and selected other NSF surveys, 
see SRS (1987). 

“This discussion is based on data in SRS (1990c) and unpublished 
tabulations. For more information on national R&D expenditures, see 
chapter 4, “National R&D Spending Patterns,” pp. 89-93. 

‘In this section, academic institutions generally comprise institutions 
of higher education that grant doctorates in science or engineering 
and/or spend at least $50,000 for separately budgeted R&D. Federally 
funded research and development centers associated with universities 
are tallied separately and are examined in greater detail in chapter 4. 


estimated 74.2 percent between 1980 and 1991. R&D 
growth between 1985 and 1991 was much stronger for 
the academic sector than for any other performing sec- 
tor—an estimated 44 percent—compared to about 11 
percent for federally funded research and development 
centers (FFRDCs) and other nonprofit laboratories, 4 
percent for industrial laboratories, and about 3 percent 
for Federal laboratories. However, the rate of growth for 
academic R&D from 1990 to 1991 is estimated at 2.9 per- 
cent, down from the estimated 5.4-percent annual 
growth rate from 1980 to 1990. As a proportion of the 
gross national product (GNP), the academic R&D share 
rose significantly over the past decade, from 0.23 to 0.31 
percent. 

Academic R&D activities are concentrated at the 
research (basic and applied) end of the R&D spectrum 
and include very little development activity.’ Of 1991 aca- 
demic R&D expenditures, an estimated 65 percent went 
for basic research, 30 percent for applied research, and 5 
percent for development. (See figure 5-1.) 


‘Notwithstanding this delineation, “R&D”—rather than just 
“research”—is used throughout this discussion: this is because almost 
all of the data collected on academic R&D do not differentiate between 
the “R” and the “D.” 


Figure 5-1. 
National and academic R&D expenditures, by 
character of work and performer: 1991 


Percent 
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NOTES: Data are estimates. FFRDCs = federally funded R&D 
centers. 
See appendix tables 5-1 and 5-2. 
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Sources of Funds 


The Federal Government provides the majority of funds 
for academic R&D, but participation by other sectors has 
been growing more rapidly than that of the Federal 
Government in recent years. This circumstance has result- 
ed in a decline in the Federal share of academic R&D. (See 
figure 5-2.) In 1991 the Federal Government provided an 
estimated 56 percent of the funding for R&D performed in 
academic institutions, down from 69 percent in 1971. The 
academic institutions that performed the R&D provided 
the second largest share of funds. From 1971 to 1991, the 
institutional share grew from 11 percent to an estimated 20 
percent of academic R&D expenditures.’ Industry 
increased its share from 3 percent in 1971 to an estimated 
7 percent in 1991, while state and local governments and 
other sources maintained shares of academic R&D fund- 
ing ranging from 8 to 9 percent for the former and 6 to 8 
percent for the latter throughout the 1980s.° 


*Institutional funds are funds an institution spends on R&D, includ- 
ing unreimbursed indirect costs associated with R&D projects fi- 
nanced by outside organizations and mandatory cost sharing on 
Federal and other grants. Sources of institutional funds are (1) general- 
purpose state or local government appropriations, (2) general-purpose 
grants from industry, (3) tuition and fees, and (4) endowment income. 
There is some concern that part of the increase in the importance of 
institutional funds is due to accounting changes. 

*Other sources of support include grants for R&D from nonprofit 
organizations and voluntary health agencies as well as all other 
sources not elsewhere classified. 


Figure 5-2. 
Sources of academic R&D funding, by sector 
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NOTE: Data for 1990 and 1991 are estimates. 
See appendix table 5-2. Science & Engineering indicators - 1991 


117 


Industry funds for academic R&D grew faster than did 
funding from any other source during the past two 
decades. Industry’s contribution to academia represent- 
ed about 1.6 percent of all industry-funded R&D in 1991, 
compared to 0.7 percent in 1971. The rapid rise in aca- 
demic institutions’ own R&D funding increased the ratio 
of those funds to total institutional operating expendi- 
tures from approximately 1.5 percent in 1973 to an esti- 
mated 3.0 percent in 1989. 

Private and public universities differ in their major 
sources of R&D support. For public academic institu- 
tions, about 11 percent of R&D funding in 1989 came 
from state and local funds and about 23 percent from 
institutional funds. Private academic institutions received 
only 2 percent and 9 percent of their funding, respec- 
tively, from these sources. (See appendix table 5-3.) 
Between 1980 and 1989, the Federal share of support 
declined for both public and private institutions, dropping 
from 61 to 53 percent for public institutions and from 79 
to 73 percent for private institutions. Both public and pri- 
vate institutions received approximately 7 percent of their 
R&D support from industry in 1989. 


Distribution of R&D Funds Over Academic 
Institutions 


Most academic R&D is concentrated in relatively few 
of the 3,400 higher education institutions in the United 
States.’ In fact, if all such institutions are ranked by their 
1989 R&D expenditures, the top 200 ranked institutions 
account for 96 percent of R&D expenditures. In 1989, 


e The top 20 institutions spent 32 percent of total aca- 
demic R&D funds, 


e The top 50 spent 58 percent, and 
e The top 100 spent 82 percent.* 
(See text table 5-1.) 


Academic R&D Expenditures by Field and 
Funding Source’ 


The distribution of Federal and non-Federal funding of 
academic R&D in 1989 varied by field. (See appendix 


‘The Carnegie Foundation for the Advancement of Teaching classi- 
fied 3,400 degree-granting institutions as higher education institutions 
in 1987. (See chapter 2, “Classification of Academic Institutions,” p. 47, 
for a brief description of the Carnegie categories.) These higher edu- 
cation institutions include 4-year colleges and universities, 2-year com- 
munity and junior colleges, and specialized schools such as medical 
and law schools. Not included are more than 7,000 other postsec- 
ondary institutions (secretarial schools, auto repair schools, etc.). 

“These percentages exclude the Applied Physics Laboratory (APL) at 
Johns Hopkins University. With an estimated $431 million in total and 
$422 million in federally financed R&D expenditures in fiscal year 1989, 
APL performs about two-thirds of the R&D at the university. Although 
not officially classified as an FFRDC, APL essentially functions as one. 
Its exclusion therefore provides a better measure of the distribution of 
academic R&D dollars and the ranking of individual institutions. 

* The data in this section are drawn from NSF's Scientific and Engineering 
Expenditures at Universities and Colleges Survey. Parallel data by field 
from NSF's Survey of Federal Obligations to Universities and Colleges 
do not necessarily match these numbers for a variety of methodologi- 
cal reasons. 
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Text table 5-1. 
Distribution of R&D funds among academic 
institutiens: 1989 


Millions Percentage 
Rank of dollars of total 
All institutions’............. 14,556 100 
cece merecevecess 2,606 18 
WU cc ccc ccc ec ccess 4,612 32 
Temp Go... .......-222.--- 8,484 58 
0 re 11,901 82 
en a dicge ohee ness 14,023 96 


‘The Applied Physics Laboratory at Johns Hopkins University, with an 
estimated $431 million in 1989 R&D expenditures. is not included in 
these totals. 


See appendix table 5-4. Science & Engineering indicators — 1991 


table 5-5.) For example, the Federal Government sup- 
ported 65 percent of academic R&D expenditures in the 
medical sciences, but only 27 percent of academic R&D 
in the agricultural sciences. This latter figure reflects the 
traditionally strong role of states in supporting the agri- 
cultural sector. 

By far, the majority of academic R&D expenditures in 
1989 went to the life sciences, which accounted for 54 per- 
cent of total academic R&D expenditures, 53 percent of 
Federal academic R&D expenditures, and 55 percent of 
non-Federal academic R&D expenditures. The next 
largest block of total academic R&D expenditures was for 
engineering—16 percent in 1989. (See appendix table 5-5.) 

Between 1979 and 1989, academic R&D expenditures 
for all fields combined grew at an average annual rate of 
5.6 percent in constant 1982 dollars. (See figure 5-3 for 
constant dollar expenditures over the decade by field.) 
From 1988 to 1989, the rate increased to 6.8 percent. 
Funding for the computer sciences grew fastest during the 
decade, increasing at an average annual rate of 11.4 per- 
cent in constant dollars. R&D expenditures for the com- 
puter sciences in 1989 were about 3.1 percent of total aca- 
demic R&D. Engineering and the medical sciences grew 
second fastest during the decade, both increasing at an 
average annual rate of 6.6 percent; for 1988 to 1989, the 
rates increased to 9.6 and 8.7 percent, respectively. 

Academic R&D expenditures in the social sciences, 
which averaged annual decreases of 2.5 percent in con- 
stant dollars between 1979 and 1984, show increases since 
1984. Between 1984 and 1989, funding for the social sci- 
ences increased at an average annual rate of 8.7 percent 
in constant dollars, with the growth rate for 1988 to 1989 
estimated at 10.4 percent. 

It is noteworthy that the declining Federal share in the 
support of academic R&D is not limited to specific S&E 
disciplines. The federally financed fraction of support for 
each of the S&E fields declined over the past two 
decades. (See appendix table 5-7.) The most dramatic 
decline occurred in the social sciences (57 to 33 per- 
cent); the smallest decline was in the mathematical and 


computer sciences (74 to 70 percent). This relative 
decline also holds for most S&E subfields. 


Support of Academic R&D by Federal 
Agencies"’ 


Federal obligations for academic R&D are concentrat- 
ed in three agencies: NIH, NSF, and the Department of 
Defense (DOD). Together, these agencies provided 
about 75 percent of total Federal financing of academic 
R&D in 1991, up from 66 percent in 1971. (See appendix 
table 5-8.) NIH was estimated to have provided 47 per- 
cent of Federal support for academic R&D in 1991; the 
NSF share was estimated at 16 percent. DOD, after 
increasing its share of Federal support from 9 percent in 
1977 to just below 17 percent in 1986, declined to an esti- 
mated 12-percent share in 1991. During the 1981-91 peri- 
od, however, the National Aeronautics and Space 
Administration (NASA), which is estimated to provide 
less than 6 percent of Federal support, had the highest 
estimated average annual growth in its funding of aca- 
demic R&D, 7.7 percent per year (constant 1982 dollars), 
followed by NIH (4.0 percent) and NSF (3.6 percent). 


"See “Congressional Earmarking to Universities and Colleges,” 
p. 119, for a discussion of an issue related to Federal academic R&D 
support that engenders considerable debate. 


Figure 5-3. 
Academic R&D expenditures, by field 
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NOTE: See appendix table 4-1 for GNP price deflators used to 
convert current dollars to constant 1982 dollars. 


See appendix table 5-6. Science & Engineering Indicators - 1991 
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Academic earmarking—the Congressional practice 
of providing Federal funds to educational institutions 
for research facilities or projects without merit-based 
peer review—is not a new phenomenon. Congress has 
traditionally earmarked most of the academic research 
funds from the Department of Agriculture to specific 
universities and colleges. The lack of an accepted defi- 
nition for academic earmarking, combined with the dif- 
ficulty of detecting many earmarked projects because 
they are either obscured or described vaguely in the 
legislation providing the funding, makes it difficult to 
obtain exact figures for either the amount of funds or 
the number of projects specifically earmarked for uni- 
versities and colleges. 

Despite such problems, several recent efforts have 
been made to estimate trends in academic earmarking. 
These estimates indicate that during the past 10 years 
significant increases have occurred in both the number 
of earmarked projects and the amount of money direct- 
ed toward them. 


e NSB (1985) reported that between fiscal years 
(FYs) 1983 and 1985, 15 universities that 
bypassed the merit review process received over 
$100 million for research facility constriction by 
appealing directly to Congress. The daa showed 
increases in funding appropriation or authoriza- 
tion from $16.5 to $29.8 to $60.6 million over the 3- 
year period; the number of projects for which 
funds were either appropriated or authorized rose 
from three to four to nine. 


e In his recent study of academic earmarking, 
Savage (1989) defines an earmarked project as 
“one that would not exist without the intervention 
of Congress.” Using Congressional Research 
Service estimates for FYs 1980-87 and data collect- 


Congressional Earmarking to Universities and Colleges 


ed by the University of California for FYs 1988 
and 1989, Savage reports an increase in funds for 
academic earmarking from about $10 million in 
1980 to over $100 million in 1985, to over $200 mil- 
lion in 1989; the number of earmarked projects 
increased from 7 to 36 to 87 over the same period. 
These data include earmarks from appropriations 
bills, supplemental appropriations, and continuing 
resolutions. 


¢ Cordes (1991) defines earmarking to include (1) 
projects for which agencies neither requested 
money nor sponsored merit-based competitions to 
determine which institutions should get the 
awards, (2) projects for which an institution had 
competitively obtained funds in previous years but 
which would have been discontinued if Congress 
had not insisted that an award be made, and (3) 
projects that had been competitively awarded for 
which Congress had ordered an agency to add a 
specific amount of money without any review. 
Based on this definition, Cordes estimated ear- 
marking at about $200 million in FY 1988, slightly 
under $300 million in both FYs 1989 and 1990, 
and almost $500 million in FY 1991. 


e The Office of Science and Technology Policy 
(OSTP) recently completed a detailed analysis of 
earmarking in the 1991 appropriations bills (see 
OMB 1991a, chapter IV.C, pp. 63-64). In all, 492 
earmarks were identified (111 for R&D facilities, 
381 for research projects) totaling $810 mil- 
lion($428 million for R&D facilities, $382 million 
for research projects). These figures, however, are 
not limited to Congressional earmarking to uni- 
versities and colleges, but also include earmarks 
to nonacademic institutions. 


Support by Single Agencies. Although the overall 
dependence of universities and colleges on the Federal 
Government for their R&D funds has diminished over 
the past couple of decades, each of the S&E fields has 
become more dependent on a single agency for its 
Federal funds than it was in the past. The agency pro- 
viding the largest share of Federal research funds for 
each of the seven S&E fields provided a larger fraction 
of the Federal funds for that field in 1989 than it did in 
1971. (See figure 5-4.) This increased reliance on one 
agency for Federal support also pertains in general to 
most of the S&E subfields. Only for astronomy, 
oceanography, the computer sciences, and aerospace 
engineering did the principal funding agency provide a 
significantly smaller share of funds in 1989 than during 
the early(or late) 1970s. 


Indirect Costs. One aspect of Federal support of aca- 
demic R&D that has engendered a great deal of discus- 


sion is universities’ and colleges’ indirect cost recovery 
from the Federal Government. (See “Indirect Costs of 
Federally Funded Academic Research,” p. 120.) 
Although indirect cost rates at universities and colleges 
have been increasing during the 1980s, the indirect cost 
shares of the research budgets of NSF and NIH have not 
increased much, if at all, during this period." 

At NSF, the indirect cost share of its academic research 
budget exhibited a slight decline during this period from 
a high of 25.3 percent in 1983 to its current level of 24 
percent. (See text table 5-2.) 

At NIH, from 1983 to 1988 there was a leveling of in- 
direct costs to about 31 percent of the total costs for NIH 


Aside from NSF, few Federal agencies keep detailed data breaking 
down their R&D awards to universities and colleges into separate bud- 
get components, including indirect costs. NIH, although it does not 


keep detailed budgetary data similar to NSF's, does provide informa- 
tion about the proportion of its funds going to indirect costs. See NIH 
(1990). 
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Reimbursement of indirect costs, or overhead, as 
part of the budget for federally funded academic 
research is a subject that generates considerable dis- 
cussion among researchers, university administrators, 
Federal officials, and members of Congress. Indirect 
costs are all the allowable costs of an academic institu- 
tion’s research that cannot be allocated or directly 
charged to a research grant or contract. Indirect costs 
associated with federally funded research at universi- 
ties and colleges account for several billion dollars of 
the Federal academic research budget. 

There is general agreement that (1) indirect costs 
are real costs of research and (2) if they were not at 
least partly recovered, accepting significant amounts 
of external research funds could put a strain on a uni- 
versity’s budget. The Office of Management and 
Budget’s (OMB’s) Circular A-21 sets out the rules for 
specifying the direct and indirect costs of federally 
funded research and defines the cost pools that may 
be treated as indirect costs (OMB, 1991b). The circu- 
lar leaves some flexibility in how various costs may be 
considered; the variation in schools’ indirect cost rates 
in part reflects that flexibility. 

Though administrative overhead costs have been 
the focal point of concern over rising indirect cost 
rates, charges for depreciation or use of facilities and 
equipment were the fastest growing indirect cost 


indirect Costs of Federally Funded Academic Research 


component over the last decade. Operation and maintenance 
costs were the second fastest growing component. 
One approach might be for these two components to be 
broken out into a separate indirect cost rate for infras- 
tructure. Growth in such a rate may be easier to 
explain when it is clearly associated with facilities and 
equipment for research than when it is submerged in a 
more loosely defined aggregate. 

Many proposals have been offered to contain the 
growth of indirect cost payments by the Federal 
Government. These proposals have generally called 
for limits on either the overall indirect cost rate or on 
the administrative portions of the rate by setting a uni- 
form rate for all institutions or by setting a ceiling. In 
May 1991, OMB proposed that reimbursement on 
Federal research grants for the administrative cost 
portions of indirect costs be limited to 26 percent of 
“modified total direct costs.” These modified costs are 
direct costs less equipment costs and subcontracts 
over a certain size. Similar proposals to cap adminis- 
trative components of indirect costs have been made 
before. An interagency task force has been estab- 
lished by OMB to review and revise Circular A-21 in 
the interests of greater clarity, simplicity, and equity. 
The task force is expected to conclude its work by the 
end of 1992. 


research grants. The variation during this period was less 
than half a percentage point. In 1989 the proportion of 
NIH funds for indirect costs rose slightly to 31.6 percent. 
Although the NIH indirect cost data are not limited to aca- 
demic research awards, in 1989 74 percent of NIH’s extra- 
mural support went to institutions of higher education. 

Indirect cost rates can rise while the indirect cost 
share of a Federal agency’s academic R&D budget can 
be flat or even falling for such reasons as 


¢ A shift of Federal research funds to institutions with 
lower indirect cost rates, 


¢ More awards that do not allow the recovery of full 
indirect costs, 


e A larger fraction of direct research costs that are 
not included in the “modified direct cost base” used 
for calculating indirect cost payments, and 


e More awards that require cost sharing that take the 
form of a voluntary waiver of some of the indirect 
costs. 


Without much more detailed data than are currently avail- 
able, it is difficult to determine the extent to which each of 
these factors affects the behavior of indirect costs. 


Academic R&D Facilities and Instrumentation’ 


After an extended period of decreased support for aca- 
demic R&D infrastructure beginning in the late 1960s, 
the country’s research universities invested heavily in 


“Data on facilities and instrumentation are taken primarily from the 
following sources: 
© SRS (1991b)—as used in this survey report, “tacilities” refers to 
capital investment expenditures for S&E research or instruction at 
those universities and colleges spending 850,000 or more annually 
on separately budgeted R&D. 
© SRS (1988b) and SRS (1990d)—in these survey reports, “lacilities” 
are physical plant, including infrastructure (power), fixed equip 
ment (benches, fume hoods) and nonfixed equipment costing 
more than 51 million. Information on R&D space is included. 
© SRS (1988a), SRS (1991a), and additional unpublished data and 
analysis tables. 
Although terms are defined specifically in each survey, in general, 
“facilities expenditures” 
® Are classified as “capital” funds, 
© Are fixed items such as buildings, 
© Often cost millions of dollars, and 
¢ Are not included within R&D expenditures. 
“Equipment” and “instruments” (the terms are used interchange 
ably) are generally 
® Movable, 
© Purchased with current funds, and 
® Included within R&D expenditures. 
Because the categories are not mutually exclusive, some large 
instrumentation systems could be classified as either facilities or 
equipment. 
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Figure 5-4. 
Funding provided by current lead Federal R&D 
funder, by field 


Percentage funding from lead agency 


See appendix table 5-9. Science & Engineering Indicators — 1991 


academic R&D facilities and instrumentation during the 
1980s. Recent surveys of both facilities and instrumenta- 
tion indicate that these increases in expenditures have 
begun to address some of the needs in these areas. 


Facilities. In addition to the $15 billion that academic 
institutions spent for separately budgeted R&D activities 
in 1989, $2.1 billion was disbursed fer capital investment 
in S&E facilities and fixed equipment to be used for 
R&D and instruction. (See figuve 5-5.) In constant dol- 
lars, this amount represented an increase of 2.7 percent 
over 1988—significantly less than the 9.2-percent 
constant dollar increase that occurred between 1987 and 
1988. 

Total capital expenditures for academic S&E facilities 
(plant and fixed equipment) rose during the 1980s at an 
average annual rate of 6.6 percent in constant 1982 dol- 
lars. Among the S&E fields, engineering enjoyed the 
highest rate of growth in capital expenditures—an aver- 
age of 12.0 percent annually in constant 1982 dollars 
since 1980. The physical sciences field was second with 
8.3-percent average annual growth between 1980 and 
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1989. (See appendix table 5-11.) The lowest growth rate 
was experienced by psychology, which declined at an 
average annual rate of 7 percent in constant dollars. 

Overall, the proportion of capital funds from non-Federal 
sources has been increasing—from 74 percent in 1972, to 
81 percent in 1980, to just over 90 percent in 1989. Non- 
Federal sources, which include state and local govern- 
ments, special bonds, donations, and other sources, grew 
an average of 7.8 percent a year in constant 1982 dollars 
between 1980 and 1989; concurrently, Federal spending 
declined at an average annual rate of 0.7 percent. 

The survey data indicate that new facilities construc- 
tion projects are becoming more expensive: in 1986-87, 
the cost of new academic R&D space in current dollars 
was $207 per square foot, compared to $231 per square 
foot in 1988-89, and an estimated $311 per square foot in 
1990-91. (See appendix table 5-12.) Construction outlays 
for academic research facilities are expected to reach 
$3.5 billion (in current dollars) in 1990-91, up from $2.5 
billion in 1988-89 and $2.1 billion in 1986-87." 

When the projects initiated between 1986 and 1989 are 
completed, they are expected to produce over 20 million 
square feet of new research space—the equivalent of about 
19 percent of existing research space. This new research 
space is not expected to lead to any significant increase in 
the total amount of research space, however, but rather will 
replace obsolete or inadequate space. The new construc- 
tion projects initiated in 1990-91 are expected to produce 
about 11 million square feet of new research space. 


“Data are aggregated into 2-year units (1) because some data were 
only available aggregated for 1988 and 1989 and (2) to increase stabil- 
ity of the estimates. See SRS (1988b) and SRS (1990d). 


Text table 5-2. 
indirect cost share of total costs for National 
Science Foundation (NSF) and National institutes of 


Health (NIH) research grants 

NSF NIH 

Percent 

ee 25.3 30.5 
Se civscvancedeedes 24.6 31.2 
see 24.2 31.3 
1986....... 0.0.00, 25.1 31.4 
1987... eee, 24.3 31.3 
ss¢+eneceeee vans 24.4 31.2 
i Sree 24.0 31.6 


NOTES: NSF data include all academic awards (grants and contracts) 
from its five research di iological, Behavioral, and Social 
Sciences; Computer and information Science and Engineering; 
Engineering; Geosciences; and Mathematical and Physical Sciences 
NIH data include all extramural research awards as well as all aca- 


demic awards. in 1989, 74 percent of NIH's extramural support went to 
institutions of higher education. 


SOURCES: National Science Foundation and National institutes of 
Science & Engineering indicators - 1991 
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More than 85 percent of the current academic 
research space is concentrated in five S&E fields: 


© Biological sciences (22 percent), 


¢ Agricultural sciences (18 percent), 


Medical sciences (i7 percent), 
e Engineering (15 percent), and 
¢ Physical sciences (14 percent). 


Between 40 and 60 percent of the institutions that per- 
form research in these fields reported a need for more 
research space for work in the discipline. Although the 
increased facilities funding has been beneficial to the 
academic research infrastructure, survey results indicate 
that respondents believe there is still a construction 
backlog as well as considerable space that needs renova- 
tion and repair. 


Instrumentation.’ Current fund expenditures for 
academic research instrumentation have been growing 


‘Data used here are limited to funds for research instrumentation 
and do not include funds for instructional equipment. 


steadily since 1983 in constant dollars.'’ (See appendix 
table 5-13.) About 60 to 65 percent of these expenditures 
were covered by the Federal Government during the 
1980s. This percentage varied among individual fields, 
however, with two fields—the agricultural sciences and 
the social sciences—receiving considerably less than 
half of their research equipment funds from the Federal 
Government. Over the decade, Federal support did not 
grow as quickly as did non-Federal. Annual growth in 
Federal support averaged 9.6 percent since 1983, while 
non-Federal support grew 11.3 percent in constant 1982 
dollars. 

By field, expenditures for instruments for mathematical 
sciences, engineering, computer sciences, and physical 
sciences grew fastest, increasing at average annual rates, 
in constant 1982 dollars, of between 10 and 15 percent 
since 1983. Funds for research equipment for the social 
sciences and psychology grew the slowest, averaging less 
than 5 percent annual growth since 1983. During the last 
several years, the rapid growth in equipment expendi- 
tures of the mid-1980s has abated slightly. The annual 
growth rate for total R&D equipment expenditures fell 
from 6 percent in 1987-88 to 4 percent in 1988-89. 

From 1981 through 1989, annual research equipment 
expenditures comprised 6 to 7 percent of total R&D expen- 
ditures, with a slight upward trend in this percentage 
over the decade. Equipment purchases as a percentage of 
R&D expenditures were consistently higher than aver- 
age in the computer sciences, physical sciences, and 
engineering and consistently lower in the mathematical 
sciences and social sciences. 


Characteristics of Academic R&D Instrumen- 
tation. Although the data on annual expenditures for 
research equipment at universities and colleges provide 
useful information about spending trends, they indicate lit- 
tle, if anything, about other important characteristics of 
research instrumentation such as cost, adequacy, and age. 
Congressional concerns expressed during the late 1970s 
about the adequacy of research equipment in leading 
research universities pointed up the need for systematic 
data on the subject. In response, NSF initiated, with NIH 
sharing in the financial support, a triennial survey—the 
National Survey of Academic Research Instruments and 
Instrumentation Needs—to monitor the state of academic 
research instrumentation." 


“Current funds—as opposed to capital funds—are those in the year- 
ly operating budget for ongoing activities. Generally, academic institu- 
tions keep separate accounts for current and capital funds. 

“To date, three cycles of the instrumentation survey have been com- 
pleted using similar designs and data gathering methods. The first 
cycle was conducted in 1983-84, the second in 1986-87, and the third in 
1989-90. Each of these cycles was conducted in two phases. During the 
first phase (1983, 1986, 1989), information was collected for the physi- 
cal sciences, computer sciences, and engineering. During the second 
phase (1984, 1987, 1990), information was collected for the agricultur- 
al, biological, and environmental sciences, with the biological sciences 
portion of the survey including a separately selected sample of medical 
schools in addition to the sample of nonmedical universities and col- 
leges that provided data for all the major S&E fields. 
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Approximately 38 percent of all instrument systems in 
use in 1988-89 had been acquired in the previous 3 years, 
a number almost identical to the 37 percent reported for 
instruments in use in 1985-86." (See appendix table 5- 
14.) About 25 percent of instrument systems in use in 
1982-83 had been retired from research by 1985-86, and 
about 27 percent of those in use in 1985-86 that were 
more than 3 years old had been retired from research by 
1988-89. As a result of both retirement of older equip- 
ment and an increase in the size of the equipment stock, 
the age distribution of the research instrumentation 
changed significantly over the course of the three sur- 
veys. In 1982-83, 62 percent of the in-use instrument sys- 
tems were 5 years old or less, and 38 percent were 6 or 
more years old. By 1988-89, 69 percent of the systems 
were 5 years old or less. 

The survey data show increases in the number of 
ia’struments, the aggregate purchase price of instru- 
ments, and the mean price per system. (See appendix 
table 5-15.) The number of in-use academic R&D instru- 
ment systems in the fields surveyed increased by about 
50 percent between both the 1982-83 to 1985-86 period 
(36,300 to 53,390) and the 1985-86 to 1988-89 period 
(53,390 to 78,950). The aggregate purchase price for 
these instruments in current dollars increased from 
$1.30 billion in 1982-83 to $2.04 billion in 1985-86 to $3.18 
billion in 1988-89. Adjusted for inflation, these increases 
represent a real net increase of 44 percent between the 
first two periods and 51 percent between the last two 
periods. The mean price per in-use instrument system in 
current dollars increased from $36,000 in 1982-83 to 
$38,000 in 1985-86 to $40,000 in 1988-89. When adjusted 
for inflation, however, the average price per system was 
essentially unchanged during the entire 1982-83 to 1988- 
89 period. 

During the 6 years of the three survey cycles, annual 
expenditures for both the purchase of research instru- 
ments and for the repair and maintenance of existing 
research instruments increased. (See text table 5-3.) After 
adjustment for inflation, expenditures for purchasing new 
or used equipment increased by 48 percent between 1982- 
83 and 1985-86 and by 11 percent between 1985-86 and 
1988-89. Maintenance and repair expenditures increased 
by 26 percent during the first period and by only 5 percent 
during the second period. As a result of these expenditure 
patterns, for every dollar spent on purchasing research 
equipment, 25 cents was spent on maintenance and repair 
in 1982-83, 22 cents in 1985-86, and 21 cents in 1988-89. 


In all three surveys, information about current equipment needs 
and priorities was obtained with reference to actual survey year. 
Information about equipment dollar amounts and expenditures refers to 
the year preceding the survey. Therefore, the data discussed here for 
the physical sciences, computer sciences, and engineering were collect- 
ed for 1982, 1985, and 1988; the data for the agricultural, biological, and 
environmental sciences were collected for 1983, 1986, and 1989. Data 
from these surveys are thus referred to as 1982-83 data, 1985-86 data, 
and 1988-89 data (see SRS 1988a and SRS 1991a). Unless otherwise 
noted, data are for instruments costing from $10,000 to $1 million. 
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Text table 5-3. 
Annual expenditures for research equipment pur- 
chases and for maintenance and repair of existing 


Dollars in millions 

Purchase of nonexpendabie 

research equipment.......... 400 678 831 
Maintenance/repair of existing 

research equipment.......... 101 149 175 

Cents 

Amount spent on maintenance/ 

repair for each $1 spent on 

research equipment.......... 25 22 21 


Foundation, Academic Research Equipment and Equipment Needs in 
Selected Science and Engineering Fields: 1989-90, NSF 91-311 
Washington D.C., 1991. and unpublished tabulations. 
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The purchase of new equipment during the 1980s 
appears to have produced beneficial results for many 
academic departments. Most S&E department heads 
reported that the overall adequacy of their research 
equipment either remained about the same (32 percent) 
or improved (50 percent) over the past 3 years. Over the 
6-year period of the surveys, there also was a reduction 
in the percentages of department heads citing important 
subject areas where department researchers could not 
perform critical experiments because necessary equip- 
ment was lacking. However, although the proportion 
decreased from 72 percent in the 1983-84 survey to 62 
percent in the 1989-90 survey, it was still well above 50 
percent in all fields except the biological sciences. 


The Spreading Base of Academic R&D 


The number of institutions in which academic R&D is 
housed continued to expand during the past decade, as 
reflected in the R&D expenditure patterns of 277 aca- 
demic institutions which have been surveyed annually 
by NSF since 1973; together, they have consistently 
accounted for more than 90 percent of total academic 
R&D spending. 

Each of 26 S&E fields'* in each of the 277 institutions 
was examined over a 10-year period to determine its 
R&D volume for 1980 through 1989. In 1980, these insti- 
tutions reported some R&D expenditures (no matter how 


“The 26 fields into which NSF categorizes academic R&D expendi- 
tures include 

© Six in engineering: 

© Four each in the physical, environmental, and life sciences; 

© Two in the mathematical and computer sciences; 

© Five in the social and behavioral sciences; and 

© A category for fields not elsewhere classified, generally referring 

to interdisciplinary activities. 
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small) in a total of 3,621 fields; by 1989, the number of 
fields had increased by 2.7 percent to 3,717. (See appen- 
dix table 5-16.) Median constant dollar spending rose 
from $392,000 in 1980 to $683,000 in 1989. 

In 1980, the 277 universities and colleges spent at 
least $1 million (in constant 1988 dollars) for R&D in 
1,162 of their S&E fields. By 1989, the number of such 
fields had increased by 36 percent to 1,575. (See appen- 
dix table 5-16.) Viewed another way, just over half of the 
277 institutions (144) had fewer than 3 fields in 1980 that 
exceeded the $1 million spending threshold; by 1989, 
this number had declined to 114. Conversely, the num- 
ber with 10 or more fields above $1 million rose from 46 
in 1980 to 69 in 1989. (See figure 5-6.) 


Geographic Distribution of Academic R&D 


All regions of the country have shared in the growth of 
academic R&D funds, but not equally so. (See text table 
5-4 and figure 5-7.) With new institutions and new depart- 
ments entering academic R&D, there has been a slow but 
marked shift in the distribution of academic R&D spend- 
ing toward the Sun Belt, away from the North, East, 
and—to a lesser degree—West. The South increased its 
funding steadily from 23 percent of total in 1973-74 to 26 
percent in 1980-81 and 29 percent in 1988-89. (See 
appendix table 5-18.) 


Figure 5-6. 
Academic institutions that exceeded $1 million in 


separately budgeted R&D, by number of S&E fields 
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NOTES: Data represent 26 science and engineering (S&E) fields in 
277 institutions. R&D funding reflects constant 1988 dollars. 
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The same general pattern can be observed for Federal 
and non-Federal R&D funds. (See appendix table 5-19.) 
The South, once the region with the lowest proportion of 
Federal funding, in 1988-89 was a close third behind the 
Kast and West. In non-Federal funding, the North and 
South tied for the highest share (28 percent) in 1973-74; by 
1988-89, the South had by far the largest proportion—34 
percent of the total—and was 15 percentage points ahead 
of the last-ranked West. (See text table 5-4.) 

The same pattern—the South gaining in the share of 
Federal and total R&D Funds—holds for most S&E 
fields. Exceptions are mathematics and computer sci- 
ences and psychology, which lost share in Federal and 
gained share in non-Federal funds. 


Doctoral Scientists and Engineers 
Active in Academic R&D 


Doctoral academic researchers are those Ph.D.-holding 
scientists and engineers who are employed by 
academic institutions and have reported that they are 
actively engaged in some aspect of R&D (i.e., basic 
research, applied research, or development).'’ This section 


“Data on doctoral scientists and engineers are derived trom the 
biennial Survey of Doctorate Recipients conducted for NSE by the 
National Research Council. In this section, “academic institutions” 
refer to universities, 4- and 2-year colleges (the latter generally con 
tribute little to R&D activity), and medical schools, as identified by the 
respondents, but exclude university-managed FFRDCs. 

A recent broad assessment of NSF's surveys of scientists and engi 
neers (NRC 1989) has noted certain limitations of the doctorate sur 
veys and has recommended improvements. 

Except for some limited data on graduate research assistants, no 
data are available on nondoctoral academic research personnel. 


Text table 5-4. 
Distribution of academic R&D expenditures, by 
major region and source of funds 
1973-74 1980-81 1988-89 
Percent 
All sources 
Ec. sesceciee cae 26.5 26.0 
OS 24.8 23.1 
North ........... 241 22.7 21.1 
Fa 25.7 29.1 
Federal 
ee 29.2 28.6 
SS 26.7 26.7 25.7 
Pees 21.0 19.6 
SR «564s caw ba 21.0 22.8 25.5 
Non-Federal 
21.1 22.2 
Sa ara 21.0 19.3 
Sr 26.1 23.4 
ee 31.3 34.3 


See appendix table 5-18. Science & Engineering Indicators - 1991 
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Figure 5-7. 
Real growth in total academic R&D expenditures: 1973/74-1988/89 
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See appendix table 5-19. 


focuses on the characteristics of these researchers. 
Specifically, it presents data on their number, fields of con- 
centration, age, gender, race/ethnicity, and sources of sup- 
port. Some data are also presented on graduate research 
assistants supporting academic R&D. 


Number of Academic Researchers”’ 


In 1989, there were 484,809 doctoral scientists and engi- 
neers, of whom 202,208 were employed in the academic 
sector (excluding those in FFRDCs managed by universi- 
ties or university consortia). (See appendix table 5-20.) Of 
the doctoral scientists in academia, 189,768 held faculty 


““"Number of academic researchers was determined based on 
responses to a survey question on primary and secondary work activi- 
ty. Researchers are defined as respondents who indicate that research 
is their primary or secondary responsibility. 
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rank, and 12,440 held other positions (e.g., research asso- 
ciate). In all, 154,860 were engaged in academic R&D as 
defined here, including 77 percent of those with faculty 
rank and 72 percent of those with other positions. 

Over the past decade the academic doctorate-holding 
S&E workforce has become more research-intensive, as 
measured by the proportion of those reporting some 
research activity. Between 1979 and 1989, the number of 
doctoral scientists and engineers employed in academia 
increased by 32 percent—from 153,285 to 202,208—but 
the number of doctoral academic S&E researchers 
increased by 54 percent—from 100,562 to 154,860. 
Consequently, the proportion of S&E Ph.D.-holders who 
reported some research activity rose from 66 percent in 
1979 to 77 percent in 1989. 

By field, the sharpest gain over the decade in research 
activity was experienced by the social sciences. In 1979, 
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53 percent of all social scientists were involved in 
research; by 1989, this fraction was 74 percent. The 
highest level of research activity (89 percent) was in the 
environmental sciences. (See appendix table 5-20.) 


Academic Researchers by Field 


The field composition of the academic research work- 
force underwent some changes in the past decade. Life 
sciences researchers remained the largest group, main- 
taining their 36-percent share of the S&E total. The num- 
ber of researchers in the physical sciences grew more 
slowly than that in other fields—about 2 percent annual- 
ly, compared with more than 4 percent for all the sci- 
ences and more than 5 percent for engineering. (See fig- 
ure 5-8.) Consequently, the physical sciences declined 
from 15.4 percent to 12.8 percent of all investigators. 
Engineering increased its share of total S&E researchers 
from 10.6 to 11.5 percent, and the social sciences (which 
gained Ph.D.-level researchers more rapidly than did any 
other broad field—see “Number of Academic Researchers,” 
p. 125) increased from a 14.9-percent share to a 17.6-per- 
cent share. The greatest increase (176 percent over the 
decade) was registered for researchers in the computer 
sciences. This increase was from a small base, however, 
and the overall computer sciences total still represents 
less than 3 percent of all academic S&E researchers. 

The increase in researchers substantially exceeded 
the increase in S&E employment in each major field. 


Figure 5-8. 

Annual growth rates of employed doctoral 
scientists and engineers and those active in 
academic R&D, by field: 1979-89 


a - “Tr 


Total employed 
Active in R&D 


TOTAL SCIENCE & 
ENGINEERING 


Total sciences 
Physical 
Mathematical 


Computer 


Environmental 


Percent 


NOTE: R&D includes both primary and secondary work responsibility. 
See appendix table 5-20. Science & Engineering Indicators — 1991 


Consequently, between 1979 and 1989 the rate of partici- 
pation in academic R&D increased in all major fields, ris- 
ing from 77 to 83 percent for engineering, and from 65 to 
76 percent for the sciences. (See appendix table 5-20.) 


Women in Academic R&D 


The overall academic employment of women Ph.D.- 
holders in S&E almost doubled between 1979 and 1989, 
jumping from 19,196 to 36,610. Over the same period, 
the number of women active in R&D more than doubled, 
increasing from 11,192 to 26,746. (See appendix table 
5-21.) Because of this high rate of increase—albeit from 
a relatively small base—by 1989, women represented 17 
percent of all academic researchers, up from 11 percent 
a decade earlier. (See text table 5-5.) The proportion of 
female researchers remained roughly in line with the 
increased percentage of female doctoral scientists and 
engineers in academic employment. 

Almost half of all women doctoral researchers were 
active in the life sciences. Relatively large proportions of 
women, compared to men, were also found in the social 
sciences and psychology. These three areas accounted 
for 83 percent of all women researchers in 1989, com- 
pared to 58 percent of all men. (See figure 5-9.) 


Minorities in Academic R&D 


The number of minority Ph.D.-holders—blacks, 
Asians, Native Americans, and Hispanics—among aca- 
demic scientists and engineers remained relatively small 
in 1989 (23,999), as did their number among academic 
researchers (20,138). (See appendix table 5-21.) Asians 
continued to predominate among racial/ethnic groups, 
comprising 68 percent of all minorities employed in 
academia and 73 percent of the minority researchers. 


Text table 5-5. 
Women doctorate-holders in academic employment 
and in academic R&D, by field 


In academic In academic 
employment ; R&D 


1979 1989 1979 1989 
—— Percent— 
Total science andengineering.. 12.5 181 11.1 17.3 


Total sciences ............. 13.7 199 123 19.1 
Physical sciences ........ 6.7 95 5.7 9.0 
Mathematical sciences... .. 7.4 10.1 6.1 8.8 
Computer sciences ....... 5.1 10.3 4.7 10.7 
Environmental sciences.... 56 9.5 5.1 9.6 
Life sciences............ 16.1 238 15.3 23.1 
ee 22.1 33.0 20.7 32.0 
Social sciences.......... 144 197 132 198 

Total engineering ........... 10 28 1.1 3.1 


See appendix table 5-21. Science & Engineering Indicators — 1991 
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Figure 5-9. 
Distribution of doctoral academic science and 
engineering researchers, by gender and field: 1989 
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Although the absolute numbers of minority doctorate 
S&E researchers remained low, particularly for non- 
Asians, there were much stronger proportional gains 
over the decade for minorities—regardless of race/eth- 
nicity—than for whites. The increase in minority doctor- 
al employment from 1979 to 1989 exceeded 70 percent; 
that of researchers exceeded 90 percent. For specific 
fields, the gains were much greater: environmental sci- 
ences, 144 percent; engineering and psychology, 115 per- 
cent each; mathematics and computer science, 96 per- 
cent. (See text table 5-6.) As a result, minorities in 1989 
comprised 11.9 percent of total academic S&E doctorate- 
holders (up from 9.2 percent in 1979) and 13.1 percent of 
researchers (up from 10.5 percent a decade earlier). 

About one-third of all minority researchers were in the 
life sciences in 1989; this proportion was similar to that 
of whites. Otherwise, field concentrations vary by 
race/ethnicity. (See text table 5-7.) Asians disproportion- 
ately favor engineering and the mathematical and com- 
puter sciences compared to whites. Blacks and Hispanics 
disproportionately favor the social sciences. (The num- 
bers for Native Americans in the sample survey are too 


small to allow for meaningful breakdowns.) 

Black and Hispanic Ph.D.-holders experienced sub- 
stantial percentage increases from 1979 to 1989 in both 
academic employment and academic R&D. (See text 
table 5-6.) For both doctoral blacks and Hispanics, the 
numbers employed in academic positions almost dou- 
bled. The numbers involved in R&D increased even 
more rapidly, rising by 137 percent for blacks and 151 
percent for Hispanics. The number of Native Americans 
remained exceedingly low. 


Other - 1% 
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Psychology - 15% 
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Text table 5-6. 
Percentage change in minority participation in academic R&D and total doctoral employment, by field and 
race/ethnicity: 1979-89 


Native All 
White Black Asian American Hispanic minorities 
wasn Percent 
Academic R&D employment 
Total science and engineering............... 49.9 137.3 79.0 46.6 150.9 91.8 
Physical sciences........................ 24.1 225.5 29.4 7 136.1 53.4 
Mathematical and computer sciences.......... 56.5 125.5 117.8 . 145.0 123.9 
Environmental sciences.................... 56.0 110.6 . 210.7 147.5 
Sy ee 51.7 93.8 60.0 43.5 93.3 66.9 
a 49.3 130.9 326.5 -13.2 183.3 171.7 
Social sciences.....................2.0.. 75.9 115.1 121.4 50.8 311.1 141.9 
Engineering................2002.00000008 56.6 : 121.8 . 173.7 130.8 
Total Ph.D. employment 
Total science and engineering............... 28.3 91.7 64.8 44.9 92.8 71.8 
Physical sciences......................-. 8.4 179.2 21.5 ¥ 50.7 35.5 
Mathematical and computer sciences.......... 36.0 32.0 100.2 . 106.8 95.6 
Environmental sciences.................... 35.7 * 117.6 * 171.8 143.5 
ES ee 37.6 77.2 57.9 73.9 74.6 62.4 
EE A op 6 4060 ercceresesesecceces 25.4 87.0 115.5 15.8 285.1 114.6 
Social sciences......................005. 29.0 82.1 45.2 58.9 168.3 69.8 
ee 47.4 * 125.2 ‘* 45.7 115.4 


* = too few cases to estimate 
See appendix table 5-21. 
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This employment growth among minorities, however, 
came from small numerical bases. Despite these steep 
relative increases, only 3,299 black S&E Ph.D.-holders 
were employed in academia in 1989 (1.6 percent of total, 
up from 1.1 percent a decade earlier) and only 3,893 
Hispanics (1.9 percent, up from 1.3 percent in 1979). 
Among researchers, corresponding percentages were 
1.3 percent for blacks (from 0.9 percent in 1979) and 2.0 
percent for Hispanics (1.2 percent in 1979). 


Changing Age Structure of Academic 
Researchers 


The average age of academic researchers increased in 
the past decade, continuing a trend that began in the 
early 1970s. The median age of academic researchers 
rose from 38.7 years in 1973 to 39.7 years in 1979; it was 
43.8 years in 1989. 

Put another way, in 1973 only 25 percent of academic 
researchers had earned their Ph.D. degrees more than 
15 years earlier; this fraction had risen to 28 percent by 
1979 and to 45 percent by 1989. Conversely, “young” 
researchers (those who had earned their Ph.D. degrees 
within 7 years of the survey date) comprised 47 percent 
of the total in 1973, 36 percent in 1979, and only 28 per- 
cent in 1989. (See figure 5-10.) 

The increase in mean age was most pronounced in the 
physical sciences and least pronounced in the life sci- 
ences. In the physical sciences, the proportion of 
researchers who had earned their doctorates more than 
15 years ago increased from 25 percent in 1973 to 55 per- 
cent in 1989. In the life sciences, the change was from 30 


Text table 5-7. 
Distribution of doctoral academic science and engi- 
neering researchers, by field and race/ethnicity: 


1989 
Native 
White Black Asian American Hispanic 
——— —— Percent 

Total science and 
engineering ...... 100.0 100.0 100.0 100.0 100.0 
Physical sciences.. 12.6 14.9 13.12 2.5 13.7 
Math/computer 

sciences....... 84 56 11.2 9.3 10.2 
Environmental 

sciences....... 4.5 1.1 2.3 , 5.5 
Life sciences ..... 36.4 32.1 345 219 31.9 
Psychology ...... 87 106 20 109 2.7 
Social sciences.... 179 263 124 29.5 22.3 
Engineering...... 104 55 22.4 , 11.5 
* = too few cases to estimate 


SOURCE: Science Resources Studies Division, National Science 
Foundation, unpublished tabulations. 
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percent in 1973 to 41 percent in 1989. (See appendix 
table 5-22.) The increasing age of academic researchers 
mirrors (1) the rising average age of doctoral academics 
in general, due to the large numbers of the Ph.D.-hold- 
ing scientists and engineers hired during the 1960s and 
(2) the lower academic hiring levels since the mid-1970s. 


Increased Research Participation 


A robust trend, evident over the past decade, shows 
increasing research participation across all age groups. 
(See figure 5-11.) Between 1979 and 1989, research par- 
ticipation for all doctoral scientists and engineers rose 
from 66.5 to 77.7 percent of total. This change was more 
pronounced for younger Ph.D.-holders, but was not lim- 
ited to them. (See appendix table 5-23.) 

For example, in 1979, 70 percent of all academic sci- 
entists and engineers within 7 years of receipt of their 
Ph.D. degrees were engaged in research. The percent- 
age increased for the subsequent cohorts and reached 
88 percent in 1989. This upward trend appears to be sus- 
tained as successive Ph.D. cohorts have aged. The rate 
of research participation declines with increasing age, 
but this decline was less in recent years than in the past. 
For example, research participation of those more than 
15 years beyond the Ph.D. degree rose from 63 percent 
in 1979 to 72 percent in 1989. All major fields contribut- 
ed to this increase. (See appendix table 5-23.) 


Figure 5-10. 
Age distribution of science and engineering 
researchers, by years since Ph.D. award 
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Figure 5-11. 
Academic scientists and engineers active in 


research, by years since Ph.D. award 
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Federal Support of Academic S&E 
Researchers 


Although the Federal Government's share of academic 
R&D funding has declined from 67 percent in 1979 to 
about 60 percent in 1989, a rising proportion of all aca- 
demic researchers reported receiving at least some 
Federal support for their work. Increases occurred for all 
age groups and all major fields except the social sciences, 
which essentially maintained their 1979 level of Federal 
support. (See figure 5-12.) 

The proportion of all S&E academic researchers with 
Federal Government support increased from 53 percent in 
1979 to 59 percent in 1989. (See appendix table 5-24.) 
Between 65 and 75 percent of researchers in the physical, 
environmental, and life sciences and in engineering 
reported funding from a U.S. Government agency. These 
proportions were up from between 55 and 65 percent in 
1979. Although only about 42 percent of those in the 
mathematical and computer sciences reported such sup 
port, this constitutes an increase from 28 percent a decade 
ago in these fields. The proportion of researchers in the 
social and behavioral sciences reporting Federal support 
remained unchanged. (See “Graduate Students in 
Academic R&D,”p. 130, for related information on Federal 
support of academic researchers.) 


Rising Expenditures per Academic 
Researcher 


Academic R&D expenditures rose by 71 percent 
between 1979 and 1989. Over the same period, the num- 
ber of academic doctoral researchers rose 54 percent. 
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Correspondingly, inflation-adjusted spending per aca- 
demic Ph.D.-level researcher also increased: up by 12 
percent, from $82,870 to $92,890. The increased trend in 
spending per researcher is similar to a rise in education 
and related spending (in constant dollars) per student. 


Outputs of Academic R&D: Scientific 
Publications and Patents 


The primary output of university research is new 
knowledge, which is difficult to conceptualize and mea- 
sure. An imperfect measure of knowledge, publication 
counts, is reported here; these counts are based on a 
fixed set of prominent U.S. and foreign journals.” 
Another indicator discussed in this section is patents 
awarded to U.S. universities.” 


World Literature in Key Journals 


U.S. Share. U.S. academic institutions continue to 
produce a substantial share of the world’s new S&E 
knowledge. In 1987, publications of authors at U.S. insti- 
tutions accounted for 36 percent of world publications in 


“'The publication counts data used in this section do not measure 
total world output volume. Instead, they are based on roughly 3,200 
technical journals tracked by the Institute of Scientific Information in 
Philadelphia. It is unclear what share of the total world S&E publica- 
tions this set of journals represents. Data before 1981 were based on a 
smaller set of journals, and discontinuities in some trends at that time 
probably are due to this change. 

“See chapter 6, “Patented Inventions,” p. 147, for a discussion of the 
limitations of patents data. 


Figure 5-12. 
Academic science and engineering doctoral 
researchers who reported U.S. Government support 
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In 1989, a record proportion—28 percent—of the 
growing number of full-time S&E graduate students 
was supported by research assistantships. (See figure 
5-13.) Between 1979 and 1989, the total number of full- 
time S&E graduate students increased 23 percent 
(from 233,089 to 286,619) while the number whose pn- 
mary source of support was a research assistantship 
rose by 61 percent (from 49,118 to 79,151). As a result, 
the percentage of all full-time S&E graduate students 
supported by research assistantships increased from 
21 percent in 1979 to 28 percent in 1989. 

Since 1972, the Federal Government has provided 
research assistantships to an increasing number—but 
roughly stable proportion—of all full-time graduate stu- 
dents (about 38,000 or 13 percent in 1989). However, 
both the number and proportion of non-federally sup- 
ported research assistantships have increased over the 
period. This increase was particularly notable during 
the 1980s: The number of non-federally supported 
research assistantships increased from 21,000 in 1979 
to 41,000 in 1989, or from 9 to 14 percent of all full-time 
S&E graduate students. (See appendix table 5-25.) 

The physical and environmental sciences and engi- 
neering have the highest proportions of graduate stu- 
dents with research assistantships (between 38 and 43 
percent), followed by the life sciences (30 percent). 
These four areas also experienced the strongest 1979-89 
increases in proportions of students supported. In the 
mathematical and computer sciences, and in psychology 
and the social sciences, 20 percent or fewer of graduate 
students had research assistantships, and increases in 
the proportions so supported were low. (See appendix 
table 5-25; for more information on graduate student 
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Figure 5-13. 
Full-time science and engineering graduate 
students with research assistantships, by field 
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support, see chapter 2, “Support of S&E Graduate 
Students,” p. 57.) 


S&E. This figure has been steady since 1981, following a 
modest decline in the 1970s. (See appendix table 5-26.) 

In all fields, the U.S. share of world publications 
exceeds that of any other country. In 1987, the United 
States produced 


e 22 percent of the world literature in chemistry, 
¢ 30 percent of physics publications, and 


¢ Between 37 and 43 percent of the literature in the 
other major fields. 


Not all fields have maintained their share of the 
world’s production since 1981, although shifts through 
1987 have not exceeded 3 percentage points. Since 1981, 
the U.S. share of papers in this set of journals has been 
steady in earth and space sciences; increased in chem- 
istry, physics, and mathematics; and declined in the 
biomedical and biological sciences and in engineering 
and technology. (See appendix table 5-26.) 


Foreign Country Shares. The United States contin- 
ues to dominate the publications output in the roughly 
3,200 journals covered here. Contributions from U.S.- 
based authors accounted for 36 percent of the total in 
1987; authors in all European Community countries 
together accounted for another 26 percent. The United 
Kingdom, West and East Germany (combined), the 
USSR, and Japan each accounted for 7 to 8 percent; 
France for 5 percent; and Canada for 4 percent. (See 
appendix table 5-27 and figure O-18 in Overview.) 


Patents Awarded to U.S. Universities 


The recent marked increase in university patenting is 
an indicator of the expanding role played by academic 
R&D in technology development. The number of patents 
awarded to U.S. universities increased sharply during 
the 1980s compared to the 1970s. (See figure 5-14.) This 
increase was due in part to a 1980 change in U.S. patent 
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Figure 5-14. 
Patents granted to U.S. universities and colleges 
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law that allows academic institutions and small busi- 
nesses to retain title to inventions resulting from federal- 
ly supported R&D. In 1990, U.S. universities received 2.4 
percent of all U.S. origin patents, up from 1.0 percent a 
decade earlier. 

University patenting increased particularly rapidly dur- 
ing the second half of the 1980s. In fact, 22 percent of all 
patents issued to U.S. academic institutions since 1969 
were awarded in 1989-90. The strongest relative growth 
occurred in health- and biomedical-related areas, which 
rose from 12 percent of all academic patents in the early 
1970s to 24 percent in the late 1980s. Chemistry (includ- 
ing instruments and processes) also experienced a rela- 
tive growth spurt, rising from 23 to 30 percent over the 
same period. Concurrently, areas of electrical- and elec- 
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tronic-related technologies (including data and informa- 
tion processing) dropped from 24 to 16 percent of total 
academic patents. (See appendix table 5-28.) 

The largest research universities account for a large 
and growing share of all academic patents. Among the 
100 largest research universities, only 64 were awarded 
any patents during the 1969-75 period; 89 received 
patents during 1986-90. (See figure 5-15.) Over the same 
period, patents awarded to the 100 largest research uni- 
versities rose from below 75 percent of all academic 
patents to about 85 percent. (See figure 5-15.) 


Figure 5-15. 
Patents awarded to top 100 academic research 


performers 
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Chapter 6. Technology and Global Competitiveness 


Technology and Global Competitiveness 
HIGHLIGHTS 


The Global Markets for U.S. Technology 


¢ During the 1980s, the United States was consis- 
tently the leading supplier of high-tech products 
in the global marketplace. However, its lead posi- 
tion declined from a 40-percent share in 1980 to a 37- 
percent share in 1988. Japan and, to a lesser extent, 
the United Kingdom increased their global market 
shares during this period. See p. 136. 


¢ The market competitiveness of U.S. high-tech 
industries varies by industry. Of the seven indus- 
tries that form the high-tech grouping, three U.S. 
industries—those producing scientific instruments, 
drugs and medicines, and aircraft—gained global 
market share during the 1980s. Estimates for 1989-90 
show only the instruments industry continuing to gain 
market share. See p. 137. 


¢ Demand for high-tech products in the home mar- 
kets of all industrialized countries was in- 
creasingly met by foreign suppliers during the 
eighties. Import penetration of U.S. high-tech markets 
was deepest in the computer industry. Japan is still the 
most self-reliant among the major industrialized coun- 
tries, followed by the United States. See p. 138. 


¢ During the 1980s, the United States maintained 
a consistent trade surplus in high-tech manufac- 
tures and ran consistent deficits in other manu- 
factures. The size of this surplus is declining, however: 
The U.S. 1988 trade surplus in high-tech manufactures 
was half the value of the 1980 trade surplus. See p. 140. 


industrial R&D 


¢ In all industrialized countries, the industrial sec- 
tor is the leading performer of R&D. Except for 
France, the share of national R&D performed in the 
industrial sector of these countries grew. Japan and 
West Germany showed the largest shifts to the indus- 
trial sector between 1975 and 1988. See p. 142. 


¢ Private industry is the source of 50 percent of all 
funds spent for R&D in the United States. In 1988, 
Japan and West Germany had considerably larger 
shares of their national R&D coming from private 
sources, 70 and 63 percent, respectively. See p. 14.3. 


¢ U.S. expenditures for industrial R&D nearly 
tripled during the 1980s in current dollars. 
However, the rate of growth slowed considerably dur- 
ing 1984-89. In inflation-adjusted dollars, 1989 industrial 
R&D expenditures declined for the first time since 
1975. Estimates for 1990 and 1991 show this decline 
continuing. See p. 143. 


e During the early 1980s, a renewed emphasis on 
defense spending led Federal funding of industrial 
R&D to grow at a faster rate than private funding, 
reversing the pattern set during the two previous 
decades. Since 1987, however, the trend has reverted 
to the earlier pattern, with private financing again out- 
pacing Federal support. See p. 144. 


¢ Company-financed R&D performed outside the 
United States increased but at a slower pace than 
that performed domestically during the first half of 
the 1980s; it increased at a faster rate during the 
late eighties. U.S. chemical and transportation indus- 
tries had the highest levels of R&D performed over- 
seas. See p. 146. 


Patented Inventions 


¢ The number of U.S. patents granted to Amer- 
icans has reversed its decline and has been 
increasing since 1983. Foreign patenting trends in 
the United States generally followed the U.S. trend, 
although the number of foreign-origin patents granted 
declined somewhat slower during 1976-83 and 
increased somewhat faster after 1983. See p. 147. 


¢ Foreign patenting in the United States is highly 
concentrated by country of origin. Inventors from 
the European Community and Japan account for 80 per- 
cent of all foreign-origin U.S. patents. Newly industrial- 
ized countries, in particular Taiwan and South Korea, 
dramatically increased their patent activity in the United 
States during the last half of the 1980s. See p. 147. 


¢ The patenting emphases of U.S. and Japanese 
inventors are reversed for many technology fields. 
Japanese inventors patent primarily in photocopying, 
photography, dynamic information storage and 
retrieval, television, and motor vehicles. U.S. inven- 
tors tend to be least active in these fields, but empha- 
size biochemistry, petroleum, and communication 
devices—the first two of which are least emphasized 
classes for the Japanese. See p. 150. 


e Americans actively patent their inventions around 
the world. In 1989, countries in which U.S. inventors 
received more patents than other foreign inventors 
included Japan, West Germany, the United Kingdom, 
Mexico, Brazil, and India. See p. 150. 


Industrial Use of Technology 


e Seven out of ten U.S. establishments surveyed use 
at least one advanced technology in their manufac- 
turing operations. Larger plants and those producing 
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higher priced products are more likely to use 
advanced technologies. See p. 154. 


¢ The most commonly used advanced technology in 
U.S. manufacturing is the numerically controlled 
machine; this is followed closely by computer- 
aided design and engineering technology. See 
p. 155. 


Small High-Tech Business 

¢ High-tech business startups declined sharply in the 
second half of the 1980s, following tremendous 
growth during 1975-84. Companies involved in 
advanced materials and photonics and optics fields 
exhibited relative share growth during the latter half 
of the eighties. See p. 157. 


e Over 65 percent of new high-tech companies are 
located in 10 states. Yet compared to just 2 years 
ago, the distribution appears to be leveling off with the 


Introduction 


Chapter Focus 


The United States has long been considered a leader 
in research and development (R&D), technology, and 
innovation. Standing at the forefront of technology and 
swiftly incorporating that technology into the country’s 
industrial base contributed to a robust economy that pro- 
vided Americans an enviable standard of living. (See fig- 
ure 6-1.) 

In the 1980s, however, U.S. leadership of the global 
economy was challenged as Japan, West Germany, 
and—more recently—certain newly industrialized coun- 
tries grew to be equal and increasingly superior competi- 
tors in several U.S..dominated markets. Contributing to 
the economic success of these nations have been large 
investments in R&D coupled with the development of an 
infrastructure that facilitates the incorporation and use of 
new technologies within their industrial sectors. 
Competition from the newly industrialized countries is 
expected to intensify during the 1990s as they increas- 
ingly undertake new product development (see Porter 
and Roessner 1991 and Balk 1991). 

The recent U.S. technology policy articulated by the 
President's Office of Science and Technology Policy 
emphasizes the connection between a strong science 
and technology (S&T) base and future economic growth 
(see OSTP 1990). The development and deployment of 
new technology within the U.S. industrial sector is seen 
as “critical” for the United States to prosper in the global 
competition of the nineties and beyond (see National 
Critical Technologies Panel 1991). Although there are 
many other factors that determine a nation’s ability to 
compete in the global marketplace, this chapter focuses 
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top three states—California, Massachusetts, and New 
York—all experiencing share declines. See p. 157. 


e Approximately 11 percent of small high-tech com- 
panies are foreign-owned—up from 9 percent 2 
years ago. The United Kingdom is the largest for- 
eign holder of U.S. high-tech companies, followed by 
Japan and West Germany. See p. 158. 


Emerging Technologies 

¢ A U.S. Government assessment of world leader- 
ship in 12 emerging technologies ranks the United 
States as the leader in 5: artificial intelligence, 
biotechnology, high-performance computing, medical 
devices and diagnostics, and sensor technology; the 
United States trails Europe and Japan in just one area— 
digital imaging technology. By 2000, however, the 
United States is expected to have its leadership posi- 
tion challenged in all five technologies. See p. 160. 


on trends in industrial R&D and technology and the mar- 
ket competitiveness of U.S. high-technology products.' 


As competition in the global marketplace intensifies, the factors influ 
encing a nation’s economic competitiveness multiply. Several of these 
factors include the differing national standards addressing the environ 
ment, worker safety, product integrity, and worker compensation 
Another such factor of growing concern is the quality of a nation’s edu 
cation system and its ability to train a workforce that can operate the 
new manufacturing technologies. 


Figure 6-1. 
Real gross domestic product per capita 
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Chapter Organization 


The chapter opens with a discussion of the global 
competitiveness, in both foreign and domestic markets, 
of manufactured products that incorporate high levels of 
R&D. New data on royalties, fees, and technology agree- 
ments are used to gauge U.S. competitiveness in terms 
of intangible (intellectual) property and technological 
know-how. 

The second section describes trends in industrial 
funding and performance of R&D, focusing particularly 
on the high-tech manufacturing sector as it compares 
with other sectors of the U.S. economy. A discussion of 
patent activity follows which describes trends in U.S. and 
foreign activity in the United States, technology field and 
industry, citation rates, and trends in foreign countries. 
Next, information gained from a new Census Bureau 
survey is presented on the industrial sector's use of 
advanced technologies in manufacturing operations. 

The role of small business in high-technology indus- 
tries is explored next, primarily through new information 
on the technology areas that seem to attract new busi- 
ness formations, generate employment and export activi- 
ty, and attract foreign capital. Sources of startup funding 
for small business are also discussed. 

The final section looks at the future in light of recent 
U.S. policy statements that tacitly acknowledge the con- 
nections between technology, industry, and U.S. compet- 
itiveness. A discussion of the U.S. position in several 
important technology areas vis-a-vis Japan and Europe is 
included. 


The Global Markets for U.S. Technology 


The market competitiveness of a nation’s technologi- 
cal advances, as embodied in new products and pro- 
cesses, can serve as an indicator of the effectiveness of 
that country’s S&T system. The marketplace thereby 
provides a commercial-based evaluation of a country’s 
science and technology. 

In the United States, two parallel developments—the 
growing import penetration of the U.S. domestic market 
and the large U.S. trade deficits of recent years—have 
drawn attention to the country’s ability to compete in an 
increasingly international economy. In particular, the 
recent erosion of U.S. competitiveness in high-technol- 
ogy product markets has led policymakers to examine 
the role of the Nation’s S&T in supporting and restoring 
U.S. leadership in the global marketplace. 

The fastest growing industries in the United States are 
predominantly high-tech ones (see ITA 1991, p. 16, 
tables 4 and 5). High-tech industries generally 


¢ Invest more heavily in manufacturing technology 
than do other manufacturing industries, and 


¢ Support higher compensation to the production 
workers employed.’ (See text table 6-1.) 


‘For more extensive data on average earnings, see BLS (1991) and 
Hadlock, Hecker, and Gannon (1991). 
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Consequently, high-tech manufactures have become 
an important component of the U.S. gross economic 
output and thereby of the U.S. standard of living. 

This section discusses U.S. “competitiveness,” broadly 
defined as the ability of U.S. firms to sell products in the 
marketplace. The concept of a nation’s global competi- 
liveness incorporates both its ability to export and com- 
pete against imports in the home market. The analysis in 
this section relies heavily on data compiled by the 
Organisation for Economic Cooperation and Devel- 
opment (OECD) and the U.S. Department of Commerce 
(DOC).* 

Throughout this section, industry-level data are pre- 
sented for manufactured goods disaggregated by (1) 
those industries producing products that embody above 
average levels of R&D in their development (hereafter 
referred to as the high-technology industries) and (2) all 
other manufacturing industries.‘ 


The Global Market 


The global market for high-tech manufactured goods 
is growing at a faster rate than that for other manufac- 
tured goods. In constant dollar terms (1980), global pro- 
duction by high-tech industries nearly doubled from 
1980 to 1988, while production in other manufacturing 
industries grew by just 16 percent.’ (See appendix table 
6-2.) Output by high-tech industries represented 25 


‘The OECD member countries account for over 75 percent of glob- 
al exports of manufactured goods and account for an even higher 
percentage of overall exports of high-technology goods (ITA 1985, p. 
43). The 25 countries reporting to OECD are Australia, Austria, P<i- 
gium/Luxembourg, Canada, Denmark, Finland, France, Greece, 
Iceland, Ireland, Italy, Japan, The Netherlands, New Zealand, 
Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United 
Kingdom, the United States, West Germany, and Yugoslavia 
(Yugoslavia participates in OECD with a special status). 

Although the OECD data set does not include several nations of 
increasing importance in technology markets—most notably, the 
East Asian newly industrialized countries—it does provide a reason- 
able approximation of global commercial activity. 

‘For purposes of this analysis, the following industries make up the 
high-tech category (International Standard Industrial Classification— 
ISIC—codes are in parentheses): 

© Industrial chemicals (ISIC 351), 

© Drugs and medicines (ISIC 3522), 

© Engines and turbines (ISIC 3821), 

© Office and computing machinery (ISIC 3825), 

¢ Communication equipment (ISIC 3832), 

© Aerospace (ISIC 3845), and 

© Scientific instruments (ISIC 385). 

The categorization used here is more restrictive than the Department of 

Commerce's DOC-3 high-technology category which includes “space 

technologies” and ordnance. See TTA (1983). The other manufacturing 

category does not include agriculture or services. 

‘The conversion into constant 1980 dollars is done in two steps: 

1. Product-specific price changes are removed by deflating the cur- 
rent dollar series for each product category (for all countries) 
using the price index (1980 = 1.0) for the corresponding industry 
in Data Resources, Inc./McGraw-Hill's 430-sector inter-industry 
model of the U.S. economy. 

. All production series for a given country are multiplied by the 
ratio of the U.S. gross national product deflator to the gross 
domestic product deflator of that country to adjust for differences 
in the general rate of inflation. 
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percent of global production of all manufactured goods 
in 1988, up from 17 percent in 1980. 

During the 1980s, the United States reigned as the 
leading producer of high-tech products, although its lead 
was—and continues to be—challenged, primarily by 
Japanese industry. (See appendix table 6-3.) While the 
U.S. share of global shipments of high-tech manufactures 
declined from 40 percent in 1980 to 37 percent in 1988, 
Japan’s market share increased from 18 to 27 percent. 
Estimates for 1989 and 1990 indicate a continued decline 
in U.S. market share.° European producers (those in the 
12 countries of the European Community—EC) also 
experienced a decline in high-tech global market share 
during the 1980s. A notable exception among the EC 
countries was the United Kingdem, which increased its 
market share slightly during this period. (See figure 6-2.) 

In the increasingly competitive environment of the 
1980s, the United States, Japan, and Europe moved 
resources toward the manufacture of higher value, tech- 
nology-intensive goods and away from more labor-inten- 
sive manufactures. In 1988, U.S. high-tech manufactures 
represented 29 percent of total U.S. production of manufac- 
tured output, up from 20 percent in 1980. High-tech manu- 
factures accounted for 21 percent of Europe's total produc- 
tion in 1988, compared with 16 percent in 1980. (See 


*Estimates for 1989 and 1990 were provided by Data Resources, 
Inc./McGraw-Hill. 


Figure 6-2. 
Country share of global high-tech markets 
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Text table 6-1. 
Capital expenditures and wages, by industry: 1988 
Capital 

expenditures per Average 
industry and SIC code production worker hourly wage 
High-tech manufacturing 
Space propulsion, 3764... $16,642 $17.25 
Aircraft, 3721 .......... 7,296 16.01 
Chemicals, 28.......... 22.650 13.20 
Computers, 3571 ....... 20,581 10.75 
Other manufacturing 
Furniture, 251.......... 1,318 7.33 
Footwear,314 ......... 642 6.11 
Apparel,23........ Pr 720 6.35 


SOURCE: international Trade Administration, Department of 
Commerce, 1991 U.S. industrial Outlook, (Washington, DC: DOC, 
1991). 
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appendix table 6-4.) But the Japanese economy made the 
greatest leap forward in this respect, virtually pulling even 
with the United States in 1984 and surpassing it by 1987. 
The market competitiveness of individual U.S. high- 
tech industries varies. (See figure 6-3.) Of the seven 
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See appendix table 6-3. 
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Figure 6-3. 
U.S. global market share, by high-tech industry 
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industries that form the high-tech grouping, three U.S. 
industries—those producing scientific instruments, drugs 
and medicines, and aircraft—gained global market share 
during the 1980s. Estimates for these same industries for 
1989-90 show only one, scientific instruments, continuing 
to gain global market share. Estimates for the U.S. aircraft 
industry are far less optimistic; they suggest a loss of mar- 
ket share, primarily to European aircraft producers. 


The Home Market 


A country’s home market is often thought of as the 
natural destination for its manufactured output. For obvi- 
ous reasons—including proximity to the customer and 
common language, customs, and currency—marketing 
at home is easier than marketing abroad. 

But in today’s global marketplace, the most competi- 
tive product in terms of price, quality, and ability to sat- 
isfy the customer’s needs wins the sale—regardless of 
its origin. Thus, in the absence of prohibitive trade bar- 
riers, the intensity of competition faced by domestic 
producers in their home market can approach and 
even exceed the level of competition faced in foreign 
markets. Given the large size and appetite of the U.S. 
market, examination of U.S. competitiveness at home 
is critical to an understanding of the country’s global 
competitiveness. 


Import Penetration: High-Tech Markets. During 
the 1980s, demand for high-tech products in the home 
markets of the major OECD industrialized countries 
was increasingly met by foreign suppliers. (See figure 
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6-4.) Imports supplied about 8 percent of U.S. purchas- 
es of high-tech products in 1980; by 1988, this percent- 
age had risen to 15 percent. European economies are 
more heavily dependent on foreign technologies than is 
the United States. For example, in 1980, imports sup- 
plied 29 percent of the United Kingdom's domestic con- 
sumption of high-tech manufactures; by 1988, the 
import share rose to 39 percent. West Germany import- 
ed 25 percent of its high-tech product needs in 1980 
and 35 percent in 1988.' 

The Japanese home market, historically the most self- 
reliant, also increased its purchases of foreign technolo- 
gies during the 1980s—but only during the latter half of 
the decade. From 1980 to 1985, imports of high-tech man- 
ufactures fluctuated around 6.5 percent of Japanese 
domestic consumption. By 1986, these imports rose to 
8.4 percent and to 8.8 percent by 1988. Estimates for 1989 
and 1990 suggest a continuation of this upward trend. 


Import Penetration: Japanese and U.S. Home Mar- 
kets, by Industry. Both the U.S. and Japanese domestic 
markets are becoming increasingly internationalized in 
all high-tech industries. (See figure 6-5.) For example, 
during the 1980s, the U.S. computer industry experi- 
enced the greatest rate of increase in import competition 
from other industrialized countries, especially Japan.* 
Foreign suppliers made significant gains in several high- 
tech industries in Japan; however, these industries tended 


Throughout this chapter, data for Germany are for West Germany 
alone and do not include the former East Germany. 

‘Information on the source of imports is derived from product-level 
trade data. 
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to be product areas in which Japanese industry has yet 
to assert itself. In fact, the Japanese increase in imports 
of U.S.-made aircraft and engines may very well be 
linked to recent Japanese efforts to develop its own 
aerospace industry (see ITA 1991, p. 22-9). 


Overseas Markets for High-Tech Products 


Historically, the United States has not been an economy 
oriented toward serving foreign markets. The sheer size of 
the U.S. economy provided the U.S. business community 
with large markets that supported its operations and 
typically accommodated most of its growth. In fact, 
exports account for a smaller proportion of manufactur- 
ers’ shipments in the United States than in any other 
industrialized economy. Consequently, in the past U.S. 
commerce generally had relatively little need or incen- 
tive to investigate overseas markets (see Council of Eco- 
nomic Advisers 1989, pp. 234-38). The mounting trade 
deficits of the 1980s changed this situation, inciting con- 
cern about the need to expand U.S. exports. 

The following discussion examines trends in sales of 
U.S. high-tech manufactures outside the United States. 
These trends in U.S. competitiveness are analyzed in two 
ways. The broader view of U.S. competitiveness outside 
the United States is given by the U.S. share of foreign 
markets. The discussion of this topic examines U.S. pro- 
ducers’ experience in competing against both foreign 
producers and other countries’ domestic producers over- 
seas.” The U.S. share of export markets is examined next; 
this measures U.S. producers’ experience in competing 
against foreign producers in foreign markets. 


Foreign Markets. Despite their domestic focus, U.S. 
producers are important suppliers of high-tech products in 
overseas markets. Still, the 1980s proved to be a challeng- 
ing time for them, as their share of foreign markets 
dropped from 10 percent in 1980 to 7.6 percent in 1985. 
The strength of the U.S. dollar during the early eighties 
hampered U.S. competitiveness globally. As a con- 
sequence, U.S. producers were challenged to be more 
innovative in improving both product performance and 
manufacturing efficiency. Better products coupled with a 
weakening dollar led to a steady rise in foreign market 
share after 1985 and through at least 1988. (See figure 6-6.) 

During the early eighties, other (non-high-tech) U.S. 
industries experienced a similar loss of foreign market 
share. Unlike the high-tech industries, they were slower 
to regain market position. Throughout the 1980-88 peri- 
od, high-tech industries held twice the foreign market 
share of other U.S. manufacturing industries. 


‘Foreign market size is calculated by subtracting U.S. apparent con- 
sumption of high-tech products from total OECD shipments of same. 
Foreign market share is differentiated from export market share by 
adding the home market shipments of non-U.S. producers to the 
denominator. 
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Figure 6-5. 
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Export Markets. U.S. industries are still the world’s 
leading exporters of high-tech products."’ U.S. industry 
accounted for 23 percent of global high-tech exports in 
1988, compared with 15 percent for Japan and 14 percent 
for West Germany. Both the U.S. and West German 
shares declined during the eighties, while Japan’s share 
of high-tech exports grew significantly. Of the high-tech 
industries examined, the U.S. 1988 export share was 
highest in the aircraft and computers industries. (See fig- 
ure 6-7.) Japan’s communication industry led all nations 


Trade data (exports and imports) are available on a product-level 
basis; production data are not. To conform with the production and 
trade data used elsewhere in this chapter, the discussions of export 
activity and trade balances are classified by industry. The indusitry- 
level definition of high-technology trade used here shows more 
midterm fluctuations in the U.S. trade than the trend portrayed using 
product-level data. Yet, using term endpoints, 1980 and 1988, reveals 
consistent trends regardless of the definition employed. See DOC 
(1983) and Abbott (1991) for technical discussions of alternative high- 
tech definitions. 
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Figure 6-6. 
U.S. share of foreign markets, by industry 
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in exports in 1988 as did West Germany’s industrial 
chemicals and drug industries. 


U.S. Trade Balance 


During the 1980s, the United States maintained a con- 
sistent trade surplus for the identified high-tech manu- 
factures, but ran consistent deficits in other manufac- 
tures: Trade balances for both categories declined over 
the period. (See figure 6-8.) In several European coun- 
tries, high-tech trade surpluses rose through the mid- 
eighties, then fell sharply through 1988. Among the 
industrialized countries, only Japan experienced steady 
growth of its high-tech manufactures trade surplus dur- 
ing the decade. (See figure O-23 in Overview.) 

The U.S. trade surplus in high-tech manufactures in 
1988 was half the size of its 1980 trade surplus. Again, 
the U.S. dollar’s rollercoaster ride during the eighties 
affected U.S. competitiveness in the home market as well 
as in foreign markets. Six of seven U.S. high-tech indus- 
tries showed deteriorating trade balances during the 
1980s—three (communications equipment, engines and 
turbines, and scientific instruments) experienced trade 
deficits. The U.S. aircraft industry had a sharp decline in 
its trade surplus through the mid-eighties before recov- 
ering and exceeding the 1980 surplus in 1988. 


25 30 
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Royalties and Fees From Technology 
Agreements 


Receipts and payments for patents and technical 
knowledge are another indicator of firms’ technological 
prowess. Transactions among unaffiliated firms—in 
which prices are set through a market-related bargain- 
ing process—tend to reflect the exchange of technol- 
ogy and its market value at a given point in time. The 
record of the resulting receipts and payments also 
provides an indicator of the production and diffusion of 
technical knowledge. 


All Agreements. The United States is a net expor- 
ter of technology sold as intellectual property. Royal- 
ties and fees received from foreigners have been, on 
average, almost four times that paid out to foreigners 
by U.S. firms for access to their technology. U.S. 
receipts from such technology sales totaled $1.9 billion 
in 1989, up from $1.6 billion in 1987. (See appendix 
table 6-9.) 

Japan is the largest consumer of U.S. technology 
sold in this manner. In 1989, Japan accounted for 47 
percent of all such U.S. receipts, while the Western 
European countries together represented 27 percent. 
South Korea increased its purchases of U.S. techno- 
logical know-how sharply during the 3 years for which 
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Figure 6-7. 
U.S. share of global exports, by industry 
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data are available, becoming the second largest con- 
sumer of U.S. industrial processes with a 9-percent 
share in 1989, up from just a 2-percent share in 1987. 
(See figure 6-9.) 

To a large extent, the U.S. surplus in the exchange 
of intellectual property is driven by trade with Japan 
and the newly industrialized Asian countries. In 1989, 
U.S. receipts were nearly eight times its payments in 
licensing transactions entered into with Japan. On the 
other hand, the U.S. trade surplus with Europe in 
sales of technological know-how declined over the 
past 3 years (1987 to 1989). West Germany represent- 
ed the largest European trading partner in these trans- 
actions; it was also the only country in the world with 
which the United States had a persistent technical 
knowledge trade deficit. 


New Agreements. The total flows of receipts and 
payments of royalties and license fees are generated 
both from new agreements and those made in previous 
periods that are still in force. The data discussed above 
thus do not reflect current U.S. technology flows result- 
ing from new agreements. Although data on receipts and 
payments from new technology agreements are not 
available from U.S. sources, the Government of Japan 
has developed data that disaggregate receipts and pay- 
ments by new and existing agreements. (See appendix 
tables 6-11 and 6-12.) Since Japan is the dominant 
customer for U.S. technology sold through this channel 


Percent 


Science & Engineering Indicators — 1991 


and is a major force in high-tech fields, these data pro- 
vide useful insight about the relatively high level of U.S. 
technology sold via new technology agreements. 


Figure 6-8. 
U.S. trade balance in manufactures 
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Figure 6-9. 
U.S. royaities and license fees generated by 
exchange of industrial processes: 1989 
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See appendix table 6-9. 


From 1984 to 1988, the United States entered into, on 
average, over 900 new agreements per year with Japan 
involving the exchange (both purchase and sale) of tech- 
nological know-how. There were close to three new 
agreements calling for U.S. exports to Japan of techno- 
logical know-how for every one that represented a U.S 
import of Japanese technology. The average value of 
these agreements was fairly equitable—about 37 million 
yen ($285,000) per agreement for Japanese purchases 
and 34.7 million yen ($267,000) for those agreements in- 
volving Japanese sales of technological know-how to the 


Figure 6-10. 
National R&D expenditures, by sector of performance 
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United States.'' The U.S. trade surplus in these high-tech 
sales with Japan nearly tripled in size during this 5-year 
period. In 1988, Japan entered into 11 times as many 
agreements for the purchase of technological know-how 
with the United States as with its next largest trading 
partner, West Germany. 

Japan apparently continues to consider the United 
States a fertile field from which to harvest new advances 
in technology. The surplus the United States enjoys in its 
technological know-how trade with Japan does not rely 
solely on technological advances developed in the past 
but is supported by current inventive activity as well. 
Although sales of technological know-how contribute 
positively to the balance sheets of U.S. firms and the U.S. 
economy in the short term, there has been ongoing con- 
troversy regarding the long-term consequences. '” 


industrial R&D 


international Comparisons 


In all industrialized countries, the industrial sector is the 
leading performer of R&D. In the United States, more than 
73 percent of all R&D expenditures are for R&D per- 
formed in industry (1988). (See appendix table 6-13.) 
Among other large industrialized market economy coun- 
tries, West Germany has a similar share of R&D per- 
formed by industry. Japan, the United Kingdom, and— 
especially—France have somewhat lower shares, although 
even in France about 60 percent of national R&D expendi- 
tures are in industry. (See figure 6-10.) Except for France, 


"Converted at an exchange rate of 130 yen per U.S. dollar. 

"In 1988, the United States had a surplus of approximately $200 mil- 
lion generated from new technology agreements with Japan, but suf- 
fered a deficit in high-tech merchandise trade with Japan of $5 to $22 
billion (depending upon the definition used). Recent developments in 
the aerospace industry typify the controversy. In this industry, as inter- 
national joint production ventures grow (e.g., FSX codevelopment with 
Japan, General Dynamic’s F-16 coproduction program with Turkey, 
and the F-18 coproduction program with South Korea), exports of com- 
plete U.S.-built aircraft could decline in the future. 
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these percentages represent increases in the share of 
R&D performed in industry over the 1975-88 period. Japan 
and West Germany showed the largest shifts to the indus- 
trial sector. 

Private industry was the source of 50 percent of all 
funds spent for R&D in the United States; the Federal 
Government funded most of the remainder. Nearly all of 
industry's funding was directed toward R&D that would 
be performed within industry. About 1 percent was spent 
on university research and almost 1 percent on research 
in nonprofit institutions. Compared to the United States, 
Japan and West Germany received considerably larger 
shares of their national R&D funds from private sources. 
France and, until recently, the United Kingdom had less 
of their R&D funded by industrial sources." 

Since the early 1970s, the trend in all five countries has 
been for an increasing percentage of national R&D to be 
financed by industry. (See figure 6-11 and appendix table 
4-2.) In the United States, however, the trend rose until 
1982 and remained more or less stable through 1991. 


The data for France and the United Kingdom include R&D funding 
provided by public, as well as private, corporations. The level of private 
funding for their industrial R&D was therefore lower than is shown on 
figure 6-10. 


Figure 6-11. 
National R&D expenditures, by source of funds 
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This leveling off was primarily due to the buildup of fed- 
erally supported R&D for defense during the 1980s. 


industrial R&D Expenditures 


Funds for industrial R&D come almost exclusively 
from two sources: private industry itself and the Federal 
Government." Total estimated current dollar expendi- 
tures in the United States for industrial R&D increased 
markedly between 1979 and 1989, rising from $38.2 bil- 
lion to $101.6 billion—an average annual increase of 
close to 10.3 percent. Current dollar estimates for 1990 
and 1991 show continued growth. (See appendix table 
6-15.) After adjusting for inflation, however, the growth 
rate of industrial R&D is reduced to 5.2 percent per year 
during 1979-89, with a significant slowdown occurring 
during the last 5 years. From 1979 to 1984, industrial 
R&D expenditures grew at an annual rate of 7.4 percent 


‘Some companies perform “independent research and develop- 
ment.” IR&D is in-house R&D intended to better prepare the compa- 
nies to bid on National Aeronautics and Space Administration or 
Department of Defense projects. Some of these expenditures are later 
reimbursed by the agency as overhead charges allocated to contracts. 
IR&D expenditures represent less than 5 percent of total R&D expen- 
ditures by industry. See chapter 4, “Independent Research and 
Development,” p. 98. 
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in constant dollars compared with 3.0 percent during 
1984-89. And by 1989, constant dollar expenditures actu- 
ally declined—the first time this had occurred since 
1975. Estimates for 1990 and 1991 indicate that industrial 
R&D expenditures continued to decline in inflation- 
adjusted dollars. (See figure 6-12.) 


Trends in Company and Federal Funding 


From the early sixties through the early eighties, the 
share of industrial R&D funding provided by companies 
themselves increased steadily. By 1984, private financing 
supported close to 69 percent of industrial R&D perfor- 
mance; in the early sixties, only about 42 percent was 
self-financed. (See figure 6-12.) This trend was reversed 
as the military buildup that began in the early eighties 
led the Federal contribution to first keep pace with—and 
to later increase more rapidly than—the private contribu- 
tion. Since 1987, however, private financing has again 
outpaced Federal support. 

During the 1960s, private funding for industrial R&D 
increased at an average rate of 6.6 percent per year, in con- 
stant dollars, while Federal support increased by 1.4 per- 
cent per year. Both private and Federal support for indus- 
trial R&D were cut back in the seventies: Private funding 
growth slowed to 2.8 percent annually, and Federal fund- 
ing actually declined in inflation-adjusted dollars. 

In the 1980s, U.S. policy refocused Federal funding 
toward development and upgrading of military technolo- 
gies. U.S. industry was driven to escalate new product 
development in the face of growing foreign competition. 
Consequently, both private and Federal funding of indus- 


Figure 6-12. 
U.S. industrial R&D expenditures, by source of 
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trial R&D increased significantly when compared with 
the previous decade—private funding doubled its growth 
rate to 5.4 percent a year, while Federal funding actually 
grew almost as fast at 4.5 percent per year. Most of this 
growth took place in the first half of the decade. The 
average annual growth rate during the early eighties was 
twice that of the latter half. 

Estimates for 1990 and 1991 indicate that both Federal 
and company funding of industrial R&D declined when 
inflation is taken into account. The decline in Federal 
support stems from concern over the Federal budget 
deficit. The decline in company R&D funding can be 
attributed to several factors, including the following: 


¢ Profit margins have been squeezed for some time 
because of the rise in competition that accompanies 
the increasing globalization of markets. 


¢ The above factor, combined with the general soft- 
ness in demand for industrial outputs evident in the 
past few years, has caused industry to look for ways 
to reduce its costs. 


© In some firms, R&D labs have been decentralized, 
bringing them closer to company manufacturing 
operations as the result of restructuring and/or cor- 
porate mergers (SRS 1989 and SRS 1988). 


Expenditures for Individual Industries 


Individual industries show very different trends in their 
R&D expenditures and in the shares of those expendi- 
tures supported by private and Federal sources. For pur- 
poses of this analysis, industries are divided into three 
general groups: high-tech manufacturing, other manufac- 
turing, and nonmanufacturing (including services).'” 

During the 1979-89 period, the high-technology manu- 
facturing group’s share of industrial R&D expenditures 
fluctuated narrowly around a 59-percent share of the 
total; concurrently, the share for all other manufacturing 
industries declined from 37 to 33 percent. Although non- 
manufacturing industries accounted for the smallest 
share of the three groups, this was the only group whose 
share grew, doubling the 4-percent share it held in 1979 
to an 8-percent share in 1989. 

From 1979 to 1989—a rollercoaster period of economic 
slowdown followed by prolonged growth and a subse- 
quent leveling off—total industrial R&D rose by an aver- 
age of 5.2 percent per year in constant dollars. During 
this time, R&D within the three industry groups in- 
creased as follows: 


The nonmanufacturing category includes all service-related and 
mining Standard Industrial Classification (SIC) codes; it does not 
include agriculture SICs. Appendix table 6-16 lists the SIC codes 
included, along with trends in R&D expenditures. 

The high-tech manufacturing industries selected are those generally 
identified as having comparatively higher levels of R&D as a propor- 
tion of sales. Due to Census Bureau requirements to protect the confi- 
dentiality of firm data, industrial R&D data are not available for all 
industries normally included in the high-tech category. 
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e High-tech manufacturing—5.2 percent per year, 
e Other manufacturing—3.9 percent per year, and 
¢ Nonmanufacturing—12.8 percent per year.'° 


Within the high-tech manufacturing group, several 
industries experienced above average R&D growth— 
chemical and allied products (including pharmaceuti- 
cals), electronic components, communication equipment, 
and aerospace. (See figure 6-13.) Firms whose primary 
activity involves providing computer-related and engi- 
neering services accounted for nearly half of the nonman- 
ufacturing group’s R&D expenditures and were responsi- 
ble for most of the increases exhibited during 1987-89. 


Trends in Funding for Individual Industries 


Company funding in high-tech manufacturing indus- 
tries went up 5.2 percent per year during the 1980s after 
adjusting for inflation; it went up 4.8 percent per year in 
other manufacturing. (See appendix table 6-18.) Private 
funding of industrial R&D performed by nonmanufactur- 


‘The rapid rate of growth in R&D expenditures reported for the 
nor manufacturing sector during the 1980s may be distorted by efforts 
to improve coverage of the service sector in the National Science 
Foundation’s annual Survey of Industrial Research and Development 
starting with the 1987 survey. Although adjustments have been made 
to link data from previous samples, it remains uncertain whether the 
effects of the resampling have been completely removed. 


Figure 6-14. 
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Figure 6-13. 
R&D expenditures, by industry group 
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ing industries grew at an average annual rate approach- 
ing 15 percent during this period, exceeding the 9.5-per- 
cent rate of growth in Federal support to this group. But 
in all three industry groups, funding of R&D slowed dur- 
ing the latter part of the decade. (See figure 6-14.) Two 


Real growth rates in funding of industrial R&D, by source and sector of performance 
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of the industries in which company-financed R&D grew 
fastest, the chemicals and computer manufacturing 
industries, were also faced with declining Federal sup- 
port during this time. 

Certain manufacturing industries—particularly aircraft 
and missiles and communication equipment, all of which 
have special military importance—received especially 
large portions of their R&D support from Federal sources. 
(See figure 6-15.) The Federal Government also provided 
a large share of R&D funding to certain nonmanufactur- 
ing industries. In 1989, it supplied nearly half of the R&D 
funds used by firms whose primary activity involves R&D 
and testing services and one-third of the R&D funds used 
by computer-related and engineering services firms. 

In constant dollars, Federal support increased at an 
average rate of 4.5 percent per year from 1979 to 1989; 
this increase was directed to certain industries. In partic- 
ular, Federal funding increased by an annual average of 
7.7 percent per year in aerospace, 7.4 percent per year in 
fabricated metal products, and 7.7 percent per year in all 
nonmanufacturing. (See appendix table 6-17.) Federal 
support for R&D in the nonmanufacturing industries 
group more than doubled in constant dollars during this 
time, registering an annual increase of 9.5 percent. As 


Figure 6-15. 
Share of industrial R&D funding provided by 
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noted earlier, Federal support to this group is substan- 
tially less in absolute dollars than that allocated to the 
manufacturing groups. 


Company-Financed R&D Performed Outside 
the United States 


From 1979 to 1989, U.S. firms generally increased 
their funding of R&D performed outside the country.(See 
appendix table 6-20.) This funding growth did not keep 
pace with the rise in company-financed R&D performed 
within the United States, however. The share of total 
company-financed R&D performed outside the United 
States declined steadily from the period high of 9.7 per- 
cent in 1979 to a low of 6.0 percent by 1985. From 1985 to 
1989, U.S. firms’ overseas R&D increased faster than that 
performed domestically, with its share rising to 8.5 per- 
cent by 1989. Nonetheless, this share was still below the 
1979 level. 

The industries with the highest levels of company-finan- 
ced R&D performed overseas in 1989 were chemicals and 
allied products—10.1 percent—and transportation equip- 
ment (especially motor vehicles and aircraft)—12.2 per- 
cent. (See figure 6-16.) Nonmanufacturing industries had 
the lowest share of privately financed R&D being con- 
ducted overseas, despite an almost threefold increase in 
this share during the eighties, from 0.6 percent in 1979 to 
1.6 percent by 1989. 


Figure 6-16. 
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Patented Inventions 


One of the important benefits of R&D is the stream of 
new technical inventions that may in turn be embodied 
in innovations—i.e., in new or improved products, pro- 
cesses, and services. Patenting trends can serve as an 
indicator—albeit one with certain limitations—of the 
success of U.S. industry in producing such innovations." 
Specifically, Griliches (1990) and others suggest that 
patent data provide good indicators for measuring tech- 
nical change and inventive input and output over time. 
Further, U.S. patenting by foreign inventors ©, ibles 
measurement of the levels of invention in those foreign 
countries (see Pavitt 1985). Foreign patenting can also 
serve as a leading indicator of new competition in a coun- 
try’s home market. This section describes broad trends 
in patenting over time, by field, and by industry by both 
U.S. and foreign inventors. It briefly discusses patenting 
trends in foreign countries and describes an indicator 
that attempts to identify technically important patented 
inventions. In addition, information on patenting activity 
in other countries is presented. (See “Patenting Activity 
in Foreign Countries,” p. 150.) 


Granted Patents by Owner 


Patents Granted to Americans." From 1977 through 
1983, the number of patents granted to Americans de- 
clined irregularly.”’ This trend was reversed at about the 
time the United States came out of the recession of the 
early eighties; patent grants to Americans have been 
increasing fairly rapidly since then. By 1989, U.S.-origin 
patenting registered a new high when about 50,000 
patents were granted to U.S. resident inventors. However, 
foreign patenting in the United States rose at a quicker 
rate in the post-recession period (1983-90) than did U.S. 


“Although the U.S. Patent and Trademark Office grants several 
types of patents (e.g., design patents), this discussion is limited to util- 
ity patents, which are commonly known as “patents for inventions.” 

'*Patenting indicators, while instructive and convenient, have some 
well-known drawbacks, including the following: 

© /Incompleteness—many inventions are not patented at all, in part 

because laws in some States already provide for the protection of 
industrial trade secrets. 

© Inconsistency across industries—industries vary considerably in 

their propensity to patent inventions; consequently, it is not advis- 
able to compare patenting rates between different technologies or 
industries. 

© Inconsistency in quality—the inventions patented can vary consid- 

erably in quality. (Patent citation rates, discussed on pp. 152-53, 

are one method for dealing with this question of varying quality.) 
Despite these and other limitations, patents provide a unique and con- 
venient source of information on innovation. 

"The U.S. Patent and Trademark Office grants patents to both U.S. 
and foreign inventors. Patent origin is determined by the residence at 
the time of grant of the first-named inventor as specified on the face of 
the patent. Patents “granted to Americans” are actually U.S.-origin 
patents. 

“The number of patents granted to all countries dipped in 1979 
because the Patent Office could not afford to print all the patents 
approved that year. 
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domestic patenting—8.6 versus 5.3 percent per year.* 
(See figure 6-17 and figure O-21 in Overview.) 

Patents granted to American inventors can be fur- 
ther analyzed by patent ownership at the time of grant. 
Inventors who work for private companies or for the 
Federal Government commonly assign ownership of 
their patents to their employer; self-employed inven- 
tors usually retain ownership of their patents. The 
owner's sector of employment is thus a good indication 
of the sector in which the inventive work was done. In 
1990, 71 percent of granted patents were owned by 
corporations.~ This percentage has varied within a nar- 
row range (between 70 and 74 percent) since 1970. 
Consequently, trends in U.S. patenting are by and large 
trends in patenting by corporations. (See figure 6-18.) 

Individuals are the next largest group of patent own- 
ers. In 1970 individuals owned 21 percent of patents 
granted. Their share rose to 27 percent in 1980 and was 
26 percent in 1990. The Federal share of patents has var- 
ied from a high of 4.1 percent in 1976 to a low of 1.8 per- 
cent in 1988 and 1989.** Finally, about 1 percent of 
patents granted to American inventors are owned by for- 
eign corporations or governments. 

In 1989 the number of patents granted in the United 
States jumped 22 percent.*' U.S. inventors received 53 
percent of the U.S. patents granted that year, represent- 
ing the first upturn in their share of granted patents 
since 1977. The increase in U.S. share is a reflection of 
the successes of individual inventors. The patenting 
share for U.S. corporations actually declined in 1989, and 
U.S. Government-owned patents accounted for about the 
same share of total as in 1988. 


Patents Granted to Foreign Inventors. The num- 
ber of U.S. patents granted with foreign origin also 
increased sharply in 1989, although not as dramatically 
as did those with U.S. origin. Thus, the share of total 
patents granted to foreign inventors in 1989 fell from 
48.1 percent in 1988 to 47.5 percent. Of new U.S. patents 


“Both U.S. and foreign patenting declined from 1987 to 1988. This 
decline, one of many oscillations that appear in patenting data by year 
of patent grant, may be due to the especially low number of patents 
awarded in 1986 because of budget restrictions at the Patent Office. 
This development, in turn, led to an unusually high number of patent 
grants in 1987 as patents were carried over into that year. Also, utility 
patent applications dropped in 1983. Since it can take 2 to 3 years 
before a successful application matures into a patent, this drop may 
also have contributed to the low number of patent grants in 1986. See 
“Granted Patents by Date of Application,” p. 149. 

“About 2 percent of patents granted to Americans in 1989 were owned 
by U.S. universities and colleges. The Patent Office counts these as being 
owned by corporations. For further discussion of academic patenting, see 
chapter 5, “Patents Awarded to U.S. Universities,” pp. 130-31. 

“Federal inventors frequently obtain a statutory invention registra- 
tion (SIR) rather than a patent. An SIR is not ordinarily subject to 
examination and costs less to obtain than a patent. Also, an SIR gives 
the holder the right to use the invention but does not prevent others 
from selling or using the invention as well. 

‘Part of this increase may be attributed to Patent Office efforts to 
reduce “pendency,” the time between receipt of a patent application 
and completion of its processing. 
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NOTE: Estimates are shown for 1987-89 for patents by date of application. 
See appendix tables 6-21 and 6-22. 


with foreign origin, those owned by individuals 
increased in number but declined as a share of the 1989 
total, as did those owned by foreign governments. 
Foreign corporation-owned patents increased in suffi- 
cient numbers in 1989 to maintain their share of total 
from 1988. Among 1989 patents with foreign origin, only 
those granted to U.S. entities increased both absolutely 
and relatively. 

Foreign patenting is highly concentrated by country of 
origin. (See figure 6-19.) Since 1975, Japan has received 
more U.S. patents than any other foreign country. 
Japanese inventors have steadily increased their share, 
receiving 22 percent of all U.S. patents in 1990, com- 
pared with under 10 percent in 1977. West German 
inventors received around 9 percent of U.S. patents from 
1977 to 1990—generally rising slightly through 1986 and 
declining slightly thereafter. The share of U.S. patents 
owned by United Kingdom inventors followed an irregu- 
lar but declining trend during 1977-90, dropping froin a 
high of 4.1 percent in 1977 to a low of 3.1 percent in 
1990. Over this same period, the French share fluctuated 
narrowly around 3.3 percent. (See figure O-21 in 
Overview.) 

Comparing foreign patenting growth rates in the 
United States in the wake of the 1980s recession 
reveals the expanding roles of Japan and Europe as 
technology competitors as well as identifies several 
other countries with a demonstrated capacity to gener- 
ate new technologies. During the 1983-90 period, the 
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Figure 6-18. 
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average U.S. patenting growth rate was 8.6 percent per 
year among foreign countries. Countries with above 
average growth rates were 


e Taiwan, 41.3 percent per year (731 patents granted 
in 1990); 


¢ South Korea, 36.0 percent per year (224 patents); 
e Hong Kong, 20.6 percent per year (52 patents); 

© Japan, 12.0 percent per year (19,444 patents); 

© Sweden, 10.5 percent per year (1,257 patents); and 
e Switzerland, 9.2 percent per year (1,848 patents). 


The patenting growth rate for the United States during 
this time was 5.3 percent per year (47,195 patents). 
Despite the dramatic recent increase in patent activity by 
the newly industrialized countries of East Asia—particu- 
larly Taiwan and South Korea—these countries, as a 
group, accounted for just over 1 percent of the U.S. 
patents granted in 1990. 


Figure 6-19. 
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Granted Patents by Date of Application” 


Patent data by year of grant show considerable oscilla- 
tion from year to year, primarily because of fluctuations 
in the rate at which the Patent Office processes applica- 
tions. To remove the effect of these fluctuations, granted 
patents can be allocated to the years in which they were 
applied for. The application date is roughly 2 or 3 years 
before the year of grant and is thus closer to the time at 
which the invention actually took place. When displayed 
by year of application, patenting data show much 
smoother trends. 


“Because the Patent Office has not yet completed the examination 
process for numerous applications filed during 1987-89, it is not known 
how many..of these applications will ultimately be granted. 
Consequently, this analysis of patenting trends by year of application is 
confined to the 1963-86 period. 

Note, however, that the data series for patenting by cate of applica- 
tion shows a dip in 1983 for several countries. In fact, the number of 
applications from many countries was especially high in 1982 and cor- 
respondingly low in 1983. A new schedule of higher fees was intro- 
duced in late 1982, contributing to an acceleration of filings in 1982 and 
fewer in 1983. 
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Patent Activity in Foreign Countries 


Nonresident inventors account for varying shares 
of total patent activity around the world. Countries 
that patent extensively in the United States—for 
example, Japan and West Germany—are active in 
other countries as well. Similarly, U.S. inventors are 
themselves active and successful in patenting inven- 
tions around the world. Contrary to the recent 
declining trend for U.S. inventors at home, recent 
foreign patent activity suggests that U.S. inventors 
are not only successful at obtaining patents in neigh- 
boring countries, but garner a large and increasing 
share of nonresident patents in Europe, Japan, 


South Korea, Brazil, and India. (See figure 6-20.) 


Figure 6-20. 
Patents granted to foreigners in 1989, 
by granting country 


From 1976 to 1983, patented applications in the United 
States decreased at an average rate of slightly over 1 per- 
cent—primarily because the success rate of patent appli- 
cations from U.S. inventors declined. In contrast, for- 
eign-origin patenting grew at 1.6 percent a year. (See fig- 
ures 6-17, 6-18, and 6-19.) 

From 1984 to 1986, U.S. patenting by year of applica- 
tion exhibited 2 positive growth rate, bolstered by both 
U.S. and foreign inventors. Patenting by foreign inven- 
tors grew at an average annual rate three times that of 
U.S. inventors. (See appendix table 6-22.) 
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During the post-recession period for which data are 
available (1983-86), several countries demonstrated above 
average growth in patented applications, as follows: 


© Italy, 14.0 percent per year; 
¢ Belgium, 11.7 percent: 

e Japan, 11.4 percent; and 

e West Germany, 8.0 percent. 


But as with patent grant data, it was the East Asian 
newly industrialized countries that exhibited the highest 
growth rates during 1983-86, as follows: 


© Taiwan, 44.4 percent a year: 
© South Korea, 29.3 percent; and 
¢ Hong Kong, 20.0 percent. 


Although these growth rates are building on a far 
lower base of patent applications than the major industri- 
alized countries, they suggest that these countries have 
begun to reap benefits from their R&D and technology- 
producing investments. 


Patents by Patent Office Classes’ 


A country’s distribution of patents by technical area pro- 
vides a key to underst. ‘ding that country’s contribution 
to important fields of technology. This section compares 
and discusses the various key technical fields favored by 
inventors from various countries in their U.S. patenting. 


Fields Favored by U.S. and Japanese Inventors.” 
To some extent, there is an inverse relationship between 
U.S. and Japanese patenting. (See appendix tables 6-23 
and 6-24.) For example, Japanese patenting in the United 
States emphasizes such technically and commercially 
important technologies as photocopying, photography, 
dynamic information storage and retrieval, television, 
motor vehicles, and internal combustion engines. All of 
these are technologies in which U.S. corporate inventors 
are least active. It is probably no coincidence that 


“Japanese applications lead to grants more often than do applica- 
tions from any of the other countries discussed here. For example, an 
estimated 68.3 percent of the patent applications filed by Japanese 
inventors in 1985 will lead to patent grants, compared to 65.9 percent 
for West Germany and 59.5 percent for the United States. 

“Information in this section is based on the Patent Office's classifica- 
tion system which divides patents into approximately 370 active class- 
es. Using this system, patent activity for U.S. and foreign inventors in 
recent years can be compared by developing an activity index. This 
index measures a country's patenting activity within a given class. For 
any given year, the activity index is the proportion of patents in @ par- 
ticular class granted to inventors in a specific country divided by the 
proportion of ail patents granted to inventors in that country. 

Because U.S. patenting data reflect a much larger share of patenting 
by individuals without corporate or government affiliation than do data 
on foreign patenting, only patents granted to corporations are used to 
construct the U.S. patenting activity indexes. 

“Narin and Olivastro (1986) compare the fields emphasized by U.S. 
and Japanese inventors in their U.S. patenting; also see Narin and 
Frame (1989). 


Science & Engineering indicators — 1991 


Japanese penetration of U.S. markets in many of these 
areas has followed. 

U.S. patent activity is especially high in the wells and 
mineral oils classes, areas that are among those in which 
the Japanese patent the least. This inversion no doubt 
stems from the difference in natural resource availability 
between the two countries. U.S. corporations also 
emphasize patenting in chemical areas (including bio- 
chemistry); analytical and immunological chemical test- 
ing is a least emphasized class for Japan. Compared with 
Japanese patenting activity, Americans are also much 
more active in various biotechnology, pharmaceutical, 
and communication classes. 


Fields Favored by Other Major industrialized Coun- 
tries. As with Japan and the United States, patent data for 
West Germany, France, and the United Kingdom show 
each country’s emphases among important technological 
areas. West German patent activity emphasizes printing, 
ammunition and explosives, and chemicals including fer- 
tilizers and plastics. West Germany has increased its 
activity in these areas substantially during the 1980-89 
period. (See appendix table 6-25.) 

French patent activity emphasizes, and has grown in, 
nuclear technology and communications. (See appendix 
table 6-26.) The French also show high activity in 
biotechnology; this may signal continued competition for 
U.S. biotech firms. 

Like the French, the British are quite active in the 
biotech patent classes and communication technologies. 
(See appendix table 6-27.) They share the U.S. emphasis 
on aeronautics. Like the Germans, the British do not 
patent much in the United States in semiconductor man- 
ufacturing, nor do they particularly patent in areas of 
Japanese emphasis, such as dynamic information storage 
and retrieval and photography. 


Fields Favored by Newly Industrialized Countries. 
For the first time in the Science & Engineering Indicators 
series, patent activity data are presented for two of the 
more successful newly industrialized countries, Taiwan 
and South Korea. (See appendix tables 6-28 and 6-29.) 
Their recent patent activity in the United States can be 
seen as an indicator of areas of technological develop- 
ment as well as a leading indicator of U.S. product mar- 
kets likely to see increased competition. 

Taiwan illustrates the movement of the newly indus- 
trialized countries to new technology development and 
improvement of previously established technologies. 
As recently as 1980, patent activity by inventors from 
Taiwan in the United States was predominantly in the 
area of toys and other amusement devices. By 1989, 
however, Taiwan was emphasizing more highly techni- 
cal classes, receiving patents in such areas as commu- 
nications technology, semiconductor manufacturing 
processes, and internal combustion engines. 

U.S. patenting by South Korean inventors is heavily 
concentrated in the patent classes that include 
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electrical products and electronic component technolo- 
gies. In fact, patents in these areas account for about 
half of the top 30 patent classes in which South Korean 
inventors are most active. Although Korea has high 
activity in less technologically significant areas such as 
chairs and seats and amusement devices, it is also very 
active in such commercially important technologies as 
semiconductor devices and computer peripheral equip- 
ment. South Korea is already a major supplier of com- 
puters and peripherals to the United States, and these 
patent activity data show that the country’s inventors 
may be developing the improvements that will support 
Korea’s future competitiveness in this technology.” 
South Korea also patents heavily in the United States in 
television technology, and has made dramatic gains in 
penetrating this U.S. market (ITA 1991, p. 31-3). (See 
“Television Technologies,” p. 152.) 


Patents by Standard Industrial Classifications 


As an alternative to the U.S. Patent Office’s system for 
classifying inventions, patents can also be classified by 
Standard Industrial Classification (SIC) industries.” 
Except for a moderate increase in the drugs and 
medicines industry, the U.S. share of patents dropped in 
the remaining nine industries shown on appendix table 
6-30. The drop was especially great in 


© Office, computing, and accounting machines—from 
61 percent to 44 percent, 


¢ Motor vehicles and other transportation equip- 
ment—from 53 to 41 percent, 


¢ Communication equipment and electronic compo- 
nents—from 64 to 49 percent, and 


e Aircraft and parts—from 51 to 44 percent. 


The falloff in these industries was not due to a decline 
in U.S. patenting—which increased significantly from 
1980 to 1989 in these and other important technology 
classes—but rather to a more rapid rate of increase by 
inventors from Japan, Canada, Taiwan, and South Korea. 
Overall, the share of U.S. patents held by inventors from 
West Germany, France, and—in particular—the United 
Kingdom declined. 

Japan’s share of U.S. patents approximately doubled 
from 1980 to 1989, going from 12 to 21 percent of the 
total. The Japanese share increased in each of the 10 
industries shown, with an especially large increase in 


“South Korea was the fifth largest foreign supplier of computers and 
peripherals to the United States in 1989. See ITA (1991), p. 282, and 
ITA (1990). 

“In this classification system, each patent class is associated with 
the SIC industry that would produce the class's product or apparatus 
or carry out its process steps. See OTAF (1985), p. 26. The 
Concordance computer program maintained by the Patent Office con: 
verts patent counts from the Patent Office classification system into 
counts in terms of the 1972 SIC system. This section focuses on inter- 
national comparisons of 10 commercially significant SIC industries; 
these are listed in appendix table 6-30. 
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In 1923, U.S. inventors revolutionized information 
transmission with the television receiver. Thirty-one 
years later, U.S. inventors ushered in a new era of tele- 
vision technology with color TV. U.S. manufacturers 
went on to dominate the consumer markets for televi- 
_ sion-related products, supplying 90 percent of the 
_ American market in 1970 (see Council on Competi- 
tiveness 1988). Since then, U.S. leadership as an inno- 
vator in television technologies declined: subsequent- 
ly, so did its share of the consumer products market 
for television products. Japan then became the locus of 
television-related innovation; it soon became the rec- 
ognized supplier of high-quality products in television 
and many other electronics products. 

Now South Korea is also emerging as an innovative 
force in this field. Between 1980 and 1989, South 
Korean inventors received a total of 22 patents for tele- 
vision-related technologies. All of these were granted 
during the last 4 years of the period: 1 in 1986, 5 in 
1987, 6 in 1988, and 10 in 1989. The 10 patents awarded 
to South Korean inventors in 1989 tied them with Italy 
for a seventh-place rank in that commercially important 
technology field. Moreover, one of Korea's largest 


Television Technologies 


manufacturers of television sets recently purchased a 
percent share of the Zenith Electronics Corporation, 
the only U.S..owned maker of televisions. Zenith also 
concluded licensing agreements that provided the 
Korean firm with access to Zenith’s picture quality 
enhancement technology (New York Times 1991). 

The television technologies market seems on the 
verge of revolutionary change with the advent of high- 
definition TV (HDTV). HDTV has attracted much 
attention from U.S. policymakers and has been repre- 
sented as a pivotal technology that could provide the 
vehicle for reestablishment of a U.S. industry foothold 
in the consumer electronics market (Senate Com- 
mittee on Governmental Affairs 1989). As noted, the 
United States currently claims only one U.S.-owned 
manufacturer of consumer televisions. (There are, 
however, several foreign-owned television manufactur- 
ing plants in the United States.) But the potential com- 
mercial value of the HDTV market and from other 
product markets that will incorporate HDTV technol- 
ogy may entice further U.S. business activity in this 
field (see OTA 1990 and American Electronics 
Association 1988). 


office, computing, and accounting machines (rising from 
17 to 40 percent). Japanese patenting in this field nearly 
reached the level of U.S. domestic patenting. Large 
increases in Japanese patenting also occurred in commu- 
nication equipment and electronic components (from 15 
to 31 percent) and in motor vehicles and equipment 
(from 16 to 32 percent). 

The Canadian share of U.S. patents increased slightly 
over the period (from 1.7 to 2.1 percent), with the great- 
est share increases in drugs and medicines, industrial 
inorganic chemicals, and plastics and synthetic resins. 

Although the numbers of U.S. patents granted to inven- 
tors from West Germany, the United Kingdom, and 
France increased between 1980 and 1989, their shares of 
total patents granted declined. Of the 10 commercially 
important industries examined, the West German share 
fell in 6. The French, whose overall share dropped the 
least among these three countries, also lost shares in 6 
of the 10 product fields, and dropped sharply in 2 of 
these, motor vehicles and aircraft and parts. The num- 
ber of U.S. patents granted to British inventors 
increased the least of the three in this year-to-year com- 
parison; consequently, the United Kingdom declined 
the most in terms of share of total patents. The British 
share fell in 8 of the 10 commercially important indus- 
tries, and fell sharply in 4. 

The newly industrialized countries-  “aiwan and 
South Korea in particular—once again showed the most 


dramatic increase in U.S. patent activity in 1989. 
Although their shares of total patenting remain quite 
small, it is noteworthy that their growth appears to have 
taken place in the more commercially important tech- 
nologies. For example, in 1989 inventors from Taiwan 
were granted seven patents in the aircraft and parts 
industry and six in the engines and turbines industry 
compared with one and two, respectively, in 1980. These 
are two industries in which the United States has histori- 
cally been very strong both in inventive activity and in 
global market share. South Korea, as noted earlier, is 
very active in television-related technologies. (See 
“Television Technologies,” above.) 

Products from Taiwan and South Korea currently 
compete with U.S., Japanese, and European products in 
the marketplace. Their recent patent activity portends 
even greater competition in the marketplace in the not- 
too-distant future. 


Citations From Patents to Previous Patents 


Not all patents are equally significant. One method for 
gauging the relative values of different patents is analysis 
of interpatent citations. These citations, generally provid- 
ed on the front page of a patent document, reference pre- 
vious patents and are supplied by the patent examiner. 
These citations indicate the “prior art,” Le., they disclose 
technology in related fields of invention that should be 
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taken into account in judging the novelty and “patent- 
ability” of the present invention. Therefore, the number 
of citations that a patent receives from the front pages of 
subsequent patents can serve as an indicator of the origi- 
nal patent’s technical importance.” 


Citation to Patents, by Country. Of the 10 countries 
that received the most patents from 1989 to 1987, 
Japanese patents were most often cited and were cited 
with increasing relative frequency. (See text table 6-2.) 
U.S. patents were cited second most frequently, with the 
United Kingdom, The Netherlands, Canada, and West 
Germany following behind. 

These data suggest an order of technical significance 
for the patents granted to these countries. However, the 
frequency with which a country’s patents are cited is 
explained in part by the technical fields in which it 
receives patents. Interpatent citation is more frequent in 
some fields than in others, and some countries (e.g., 
Japan and The Netherlands) concentrate their patenting 
somewhat in fields where citation is more frequent, but 
not necessarily more technologically valuable. 

To correct for this, the data on text table 6-2 can be 
adjusted by giving every country the same distribution of 
patents by SIC field, i.e., the distribution that applies to 
the United States. The resulting citation frequencies per 
patent for the 1980 data are as follows: 


¢ Japan, 3.63; 

¢ United States, 3.58; 
Canada, 2.97; 

United Kingdom, 2.94; 
The Netherlands, 2.86; 
Sweden, 2.81; 

France, 2.63. 


West Germany, 2.61; 
Switzerland, 2.50; and 
© Italy, 2.34. 


Thus, although there are some changes in the ranking 
of countries, Japan remains first and the United States 
second in interpatent citations. 


"Carpenter, Narin, and Woolf (1981) show that technologically 
important patents on average receive twice as many of these exam- 
iners’ citations as does the average patent, thus helping to confirm the 
validity of interpatent citation as an indicator of patent quality. 

In addition to examiners’ citations on the front of the patent docu- 
ment, there are also citations from within the document, provided by 
the applicant, to earlier patents. Patents receiving high numbers of 
examiner citations also tend to receive high numbers of applicant cita- 
tions. See Carpenter and Narin (1983). 

“Text table 6-2 shows successive sharp increases in the number of 
citations per patent as the patents grow older. These increases occur 
because newer patents have had fewer years in which to be cited, not 
because of any general decline in the quality of patents. Data on cita- 
tions received per patent are recorded as of the end of 1989. Con- 
sequently, the data shown for 1987 are especially incomplete. 
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Citation to Patents, by Country and Industry.*’ 
The macro approach just discussed can yield distortions 
when used in international comparisons. These distor- 
tions are caused by the different mix of industries in 
which a nation tends to patent and the differing propensi- 
ties of those industries to patent. Industry-level compar- 
isons of citation rates help to refine the examination of 
the value of a country’s patents in the United States.”' 

Japanese patents were the most highly cited in patent 
fields associated with 6 of 16 industries; they were the 
most highly cited in 10 industries when only foreign- 
owned patents are considered. Industries in which 
Japanese patents were highly cited are largely similar to 
those industries in which Japanese products are highly 
competitive.” (See appendix table 6-32.) British-owned 
patents were the most highly cited in 3 of the 16 industries 
and in 4 when comparing just foreign-owned patents. 
French and West German patents were each the most 
highly cited in only one industry. 

U.S. patents granted were most highly cited in 5 of the 
16 industries. Patents for drugs and medicines were 
especially strong, but familiarity with the procedures and 
requirements surrounding the development of such 
products for U.S. consumption may contribute to U.S. 
superiority in this field. 


Citations to U.S.-Owned Patents, by Sector of 
Owner. U.S. corporations own the patents that are most 
often cited, while patents owned by the U.S. Government 
and by U.S. individuals are cited least often. (See text 
table 6-2.) U.S. corporations, in 1975 and 1980, received 
patent citations as often as did Japanese holders of U.S. 
patents. Since almost all Japanese patents filed in the 
United States are owned by corporations,” it may be 
more appropriate to compare the citations received by 
Japanese (and other foreign) patents with those received 
by U.S. corporation-owned patents. By this measure, 
U.S. patents were cited a bit more often than Japanese 
patents in 1975 and 1980 but somewhat less often when 
considering the more recent and limited data of 1985 and 
1987. Foreign-owned U.S. patents have citation rates 
slightly below that of U.S. corporate-owned patents but 
greater than all other owner sectors. 


“This discussion is based on an examination of the citation rates of 
patents granted in 1980 in 16 different industries; these industries are 
listed in appendix table 6-22. 

“Of course, even an industry-tevel analysis is distorted somewhat by 
the diversity of product patents and their citation propensities within 
that industry. 

Japanese patents related to the aircraft and parts industry were 
also highly cited, but data in this field are confounded by the difficulty 
of distinguishing aircraft inventions from those in more conventional 
transportation technologies, such as motor vehicles. See Patent and 
Trademark Office (1985) 

"In 1987, 96 percent of the U.S. patents granted to Japanese inven- 
tors were owned by foreign corporations, virtually all of which would 
be Japanese. Another 3 percent were owned by foreign individuals, 
and 1 percent had American owners. 


Text table 6-2. 
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Citations from U.S. patents to earlier U.S. patents, by country of inventor or sector of owner of cited patents 


Country of inventor 


Grant year of United The United West Average, all 
cited patents States Japan Netherlands Kingdom Germany Canada France Switzerland italy Sweden countries 

-menneiteeeemmmmniins _ we Citations per citable patent 
1975 ....... 4.25 4.30 3.87 3.93 3.55 3.65 3.35 3.19 3.21 3.54 4.05 
1980 ....... 3.58 3.79 3.28 3.12 2.86 2.85 2.82 2.73 2.66 2.62 3.39 
1086 ....... 2.07 2.66 1.70 1.79 1.69 1.65 1.61 1.62 1.57 1.52 2.06 
Oe iene es 1.01 1.30 0.84 0.82 0.75 0.78 0.77 0.73 0.64 0.61 0.99 

: Sector of owner, for U.S. inventors 

All U.S. U.S. U.S. 
U.S. inventors corporations Government individuals Foreign owners 
Citations per citable patent 
a 4.25 4.49 3.29 3.66 4.36 
a 3.58 3.88 2.81 2.90 3.87 
ree 2.07 2.25 1.66 1.57 2.07 
0.74 0.77 1.01 


SU «694.0646 6.085 1.01 1.10 


NOTE: Numbers shown wiil increase, especially those for more recent years, as patents continue to receive more citations. 


SOURCE: Computer Horizons, Inc., unpublished tabulations (1990). 


Diffusion of Technology in the 
industrial Sector 


Historically, the U.S. manufacturing base has operated 
in state-of-the-art factories using cutting edge technolo- 
gies to produce manufactures more efficiently than its 
competitors. This advantage has been a key factor in the 
Nation's world economic success (see Council on 
Competitiveness 1991 and Wolf 1991). Moreover, U.S. 
industry's incorporation of the newest technologies in its 
manufacturing operations has given its workers a sub- 
stantial edge in productivity. Recently, however, 
improvements in U.S. productivity growth have lagged 
behind those of several other industrialized countries 
(see BLS 1989). (See figure 6-21.) American industry's 
failure to reinvest adequately is often cited as a leading 
cause for this decline in productivity (see Wolf 1991). 
Since 1980 among the major industrialized countries, the 
largest increases in manufacturing productivity were 
registered in the United Kingdom (55.5 percent), Japan 
(54.4), and Italy (47.7). U.S. productivity increased 40.5 
percent during the same period (1980-89). Although 
West Germany (15 percent) and Sweden (20.9) under- 
performed the United States, their success in the inter- 
national marketplace lends evidence to the importance 
of other factors in building competitive economies. 


Industrial Use of Technology 

In 1985, a report by the President's Commission on 
Industrial Competitiveness stressed the importance for 
U.S. industry’s investment in the latest technologies and 
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their rapid incorporation into U.S. manufacturing opera- 
tions (President's Commission 1985). Recently, the 
Department of Commerce surveyed 10,526 manutactur- 
ing establishments concerning their current and planned 
use of advanced technology. The establishments were in 
five major industrial groups—fabricated metal products 
(SIC 34), industrial machinery and equipment (SIC 35), 
electronic and other electric equipment (SIC 36), trans- 
portation equipment (SIC 37), and instruments and relat- 
ed products (SIC 38).’ Manufacturing establishments 
within these five categories accounted for nearly half of 
all employees and value added in the United States.” 

The surveyed companies were asked for information 
on their current or planned use of 17 technologies in the 
following areas: 


¢ Design and engineering (3 technologies), 


Fabrication/machining and assembly (5), 


Automated material handling (2), 


Automated sensor-based inspection and/or testing 
(2), and 


© Communication and control (5). 


Appendix table 6-34 lists all 17 advanced technologies. 


The survey was pertormed by the Industry Division of the Bureau 
of the Census. (See Bureau of the Census 1989.) Surveyed establish 
ments had 20 or more employees and were selected to represent the 
total universe of almost 40,000 manufacturing establishments classified 
in SICS 34 to 38, 

Coverage estimates were derived trom the 1987 Census of Manu 
factures, See Bureau of the Census (1988). 
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Figure 6-21. 
Manufacturing productivity growth rates: 1980-89 
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Nearly 70 percent of the establishments surveyed indi- 
cated that they currently use at least 1 of the 17 advanced 
technologies in their manufacturing operations; 23 per- 
cent reported use of 5 or more technologies.” Several 
characteristics seem to be associated with establishments’ 
use of advanced technology. For instance, most large 
plants (79 percent) reported widespread use of advanced 
technologies—that is, use of five or more—compared 
with just 13 percent of the small establishments." 

Market value of the establishment’s output also ap- 
peared to influence degree of technology use. Estab- 
lishments producing goods with market unit prices of 
$10,000 or more had the highest probability of using 
advanced techno’ gies (82 percent used at least one), 
and establishments whose output had a market unit 
price of under $5 had the lowest probability (68 percent). 
Of establishments with products between these two 
price extremes, about three-quarters reported use of at 
least one advanced technology. 


International Comparisons of Technology Use 


Surveys of technology use in manufacturing have 
been conducted in many other countries; two of these— 


Information on the extent of use was not gathered by the survey. 
Thus, establishments using 1 robot are not differentiated from those 
using 100. 

"The U.S. survey defined large plants as establishments with 500 or 
more employees and small plants as establishments with under 100 
employees. 
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those conducted in Canada and Australia—were mod- 
eled after the U.S. survey.'' Despite their dissimilarities, 
the Canadian and Australian surveys provide an interna- 
tional context within which the U.S. survey data can be 
examined, albeit cautiously. For example, against the 
U.S. finding that technology use is positively influenced 
by plant size, the results from the Australian survey may 
be “artificially” low. The Canadian and Australian sur- 
veys also yielded certain qualitative information not 
developed in the U.S. survey that can contribute to an 
understanding of technology use by U.S. industry. 

Compared with Canada and Australia, a significantly 
higher percentage of U.S. manufacturers use advanced 
technology in their operations.” (See appendix table 6-34.) 
In the U.S. survey of five major industries, 68 percent of 
the manufacturing establishments reported use of at least 
one advanced technology in their operations. Results from 
the Canadian and Australian surveys of all manufacturers 
show use of at least one advanced technology by 43 per- 
cent ana °3 percent of respondents, respectively. 

The iiivst commonly used of the 17 advanced technolo- 
gies in U.S. manufacturing is the numerically controlled 
machine, used by 41 percent of the surveyed estab- 
lishments. Next most used was computer-aided design 
and engineering technology (CAID/CAK) which was 
reported in use by 39 percent of the establishments. (See 
figure 6-22.) Plants over 30 years of age were more likely 
to use numerically controlled machines than were piants 
under 5 years of age (50 percent versus 37 percent). 
When U.S. manufacturers were asked which of the speci- 
fied advanced technologies they planned to use over the 
next 5 years, they selected those related to computeriz- 
ing their production operations. Topping the list of such 
technologies were computers used for control on the fac- 
tory floor. Coupled with present use of this technology, 
within 5 years 50 percent of the manufacturing plants will 
be using computers for controlling factory operations. 

In the Canadian survey, programmable controller tech- 
nology had the highest incidence of current use, followed 
by CAD/CAE technology. Like their U.S. counterparts, 
Canadian manufacturers planned to increase their use of 
CAD/CAE technology over the next 5 vears, making it 


The Canadian survey was conducted in March 1989 as part of a 
monthly industry survey. It was Canada’s second survey of manutac- 
turing technology use and covered the use of 22 advanced technolo- 
gies (the first 17 are those used in the U.S. survey) by manulacturing 
plants in Canada. The Australian survey, also conducted in 1989, ques 
tioned manufacturers’ “acquisition” rather than “use” of 19 advanced 
technologies (17 of these are comparable to those in the ULS. survey). 
Unlike the U.S. and Canadian surveys, which excluded manufacturing 
plants that employed fewer than 20 people, the Australian survey 
included smaller manulacturers and excluded only those employing 
fewer than 10. 

Another possible source of bias to be aware of in comparing the find 
ings of the three surveys is the differences in sample universes. The 
U.S. survey sampled establishments from tive SICs which included 
many high-tech industries; Australia and Canada surveved all manutac 
turers. 

This difference may simply be due to differences in the sampled 
populations of the three surveys. 
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Figure 6-22. 
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U.S. manufacturers’ use and planned use of advanced technologies 


Design and engineering: 
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CAD: mfg machine control 
CAD: procurement 


Fabrication/machining and assembly: 
Flex. mfg cells/systems 

Numerically controlled machines 

Lasers 

Pick and place robots 

Other robots 


Automated material handling: 
Automatic storage/retrieval systems 


Automatic guided vehicle systems 


Sensor-based inspection/testing: 
On incoming/process materials 


On final product 


Communication and control: 
LAN for technical data 

LAN for factory use 
intercompany computer network 
Programmable controllers 


Computers for control on factory floor 


v T t “7 


Planned use 


See appendix table 6-34. 


the most widely used of the 17 advanced technologies in 
Canada, with eventual use by 29 percent of manufactur- 
ers. When asked which of the 17 technologies they 
planned to use in the next 5 years, Canadian manufactur- 
ers—like their U.S. counterparts—selected computers 
for control on the factory floor." 

For all 17 advanced technologies common to the three 
surveys, Australian manufacturers reported acquisition 
significantly below the use reported by U.S. manufactur- 
ers.'' The programmable electronic controller had the 

“As noted earlier, the Canadian survey questioned manutacturers 
on 22 advanced technologies. Two manufacturing information systems 
technolugies that did not appear on the U.S. survey were selected most 
often by Canadian manufacturers as the technologies they planned to 
use in the future. These two were followed by computers for control on 
the factory floor. 

Again, the Australian survey included smaller firms than did the 
U.S. and Canadian studies. It also differed by surveying acquisition of 
advanced technologies rather than use. 


20 30 40 50 60 
Percentage of establishments 
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highest acquisition rate of any of the technologies 
included in the Australian survey: 14 percent of manufac- 
turing establishments had this technology. CAD/CAE 
technology also had a relatively high acquisition rate. 


This technology topped the list for purchase over the 


next 5 years, which would make it the most prevalent 
technology in Australian manutacturing. 

The U.S. and Canadian surveys solicited information on 
reasons why manufacturers did not use those advanced 
technologies that they reported least frequently. (See 
appendix table 6-35.) Both U.S. (54 percent) and Cana- 
dian (79 percent) manufacturers stated that materials 
working lasers were not applicable to their particular 
manufacturing operations. In Canada, pick and place 
robots were cited as not providing enough benefits to 
outweigh the cost of their incorporation into manufactur- 
ing operations. U.S. manufacturers provided the same 
reason for non-use of automatic guided vehicle systems. 
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Finding skilled personnel to work in manufacturing 
operations that are becoming increasingly sophisticated 
technologically is a problem often reported by U.S. 
industry. Information from the Canadian and Australian 
surveys showed that manufacturers in these countries 
also had difficulty hiring employees with the skills needed 
to operate and maintain advanced technologies.” In 
Canada, 53 percent of the surveyed establishments 
reported having at least some difficulty in hiring skilled 
personnel to work with the technologies being incorpo- 
rated into their manufacturing operations; 35 percent of 
the Australian respondents voiced a similar concern. 
Manufacturers in both countries made up for this short- 
fall by providing formal training to their employees. 
Canadian plants provided in-house training on site or 
elsewhere in the firm; Australian plants provided exist- 
ing staff with on-the-job training, special in-house train- 
ing courses, and external training courses. 


Small Business and High Technology 


Small business is widely viewed as the source of many 
of the new products and processes introduced into the 
economy.” Surveys show that small businesses rely 
more heavily on new products to generate revenues than 
do larger businesses; consequently, they must be more 
efficient at producing commercially successful innova- 
tions. A keen receptivity to new product ideas found out- 
side their own operations characterizes this efficiency 
(see Hanson 1991). Small businesses supplement internal 
product development with new product ideas drawn from 
dealings with customers, suppliers, government labs, uni- 
versities, and others to ensure useful innovations. The 
creation and growth of small high-tech companies are of 
particular interest as they contribute to the Nation’s abil- 
ity to develop, adopt, and diffuse new technologies. 

This section presents certain characteristics and per- 
formance indicators for small high-tech companies." 


©The U.S. survey did not include a comparable question. 

"In a 1982 study done for the Small Business Administration com- 
paring innovation between small and large firms, it was found that, per 
employee, small firms produced 2.4 times as many innovations as large 
firms. See Futures Group (1984) and Hanson, Stein, and Moore 
(1984). 

“Information in this section is derived from the CorpTech data base, 
owned by Corporate Technology Information Services, Inc., Wellesley 
Hills, Massachusetts. The CorpTech data base permits an inspection 
of small business entities by technology field. This data base includes 
many of the new startups and private companies often missed by other 
data bases and is one of the most current sources of information on 
small newly formed companies active in high-tech fields. The data base 
attempts to be all-inclusive: by CorpTech’s own estimate, it includes 99 
percent of large companies (over 1,000 employees), 75 percent of 
medium-sized companies with 250 to 1,000 employees, and 65 percent 
of companies with less than 250 employees. When prospective compa- 
nies for inclusion in the data base are identified, they are sent ques- 
tionnaires covering their size. status (private or public, independent, 
subsidiary, or joint venture), year formed, and product groups in 
which they are active. The version of the data base used here (Rev. 6.0 
1991) includes about 35,000 independently managed companies. 
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The discussion focuses on companies active in the fol- 
lowing seven technology fields: 


e Automation, 


Biotechnology, 


¢ Computer hardware, 


Advanced materials, 

¢ Photonics and optics, 

e Software, and > 
¢ Telecommunications. 


These fields encompass many of the technologies con- 
sidered critical to the country’s future economic competi- 
tiveness. (See “Technologies for Future Competitiveness,” 
pp. 160-62.) 


Trends in New U.S. High-Tech Business 
Startups 


The formation of high-tech companies was strongly 
accelerated during the second half of the 1970s and the 
early 1980s; this was followed by a sharp decline in for- 
mations in the late eighties.** (See figure 6-23.) About 
half of the new high-tech businesses formed during 
these two decades were computer-related companies; 
startups in factory automation and telecommunications 
followed. The number of new biotechnology companies 
formed during this period trailed the other six technolo- 
gies, yet it was the only group that increased steadily as 
a share of all technology company formations. Other 
technology fields \hat exhibited relative share growth 
during the latter half of the 1980s were companies in the 
advanced materials and photonics and optics fields. 


Distribution of Companies by State 


New high-tech companies are highly concentrated: 
Over 65 percent of these companies are located in just 
10 states. (See figure 6-24.) Yet compared to just 2 years 
ago, the distribution appears to be leveling off, with the 
top three states—California, Massachusetts, and New 
York—all experiencing share declines (see NSB 1989, 
p. 364). 

These declines notwithstanding, California leads all 
states by significant margins in six of the seven technol- 
ogy fields examined. Maryland stands out in the biotech- 
nology field, ranking second among the 50 states. The 
presence of the National Institutes of Health and Johns 


Throughout this discussion, the following terms are used (see SBA 
1988): 
© Establishment or company—a business entity that may or may not 
be part of a larger complex, and 
© Firm or enterprise—an establishment that is either (1) a single 
location with no subsidiary or branches or (2) the topmost parent 
of a group of establishments. 
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Figure 6-23. 
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Hopkins University creates an environment in Maryland 
conducive to new business formations in the biotech 
field. Illinois and Ohio tend to attract companies active in 
factory automation technologies, probably reflecting the 
Midwest’s manufacturing tradition. 


Foreign Ownership of U.S. High-Tech 
Companies 


Approximately 11 percent of the high-technology 
companies are under foreign ownership—up from 9 per- 
cent just 2 years ago (see NSB 1989, p. 365, appendix 
table 6-16). (See appendix table 6-38.) The United King- 
dom has, by far, the largest U.S. presence, followed by 
Japan and West Germany. Although these three coun- 
tries own companies active in each of the seven technol- 
ogy fields examined, they each tend to be drawn to cer- 
tain fields: the United Kingdom and West Germany to 
U.S. companies active in the development of advanced 
materials, and Japan to companies involved in telecom- 
munications and computer hardware. Compared with 
the major industrialized countries, Taiwan and South 
Korea own relatively few U.S. high-tech companies; they 
have concentrated their acquisitions on U.S. companies 
active in computer hardware development. 


Sources of Capital 


The creation and expansion of small business require 
access to capital. New small businesses engaged in the 
development of cutting edge technologies can find it difficult 
to secure traditional financial support—i.e., obtaining 
bank loans or selling equity in the stock markets. An over- 
whelming majority (70 percent) of the high-tech compa- 
nies formed during the 1980s relied solely on private 
investment for business startup or expansion." (See fig- 
ure 6-25.) Private investment, in fact, is the primary fund- 
ing source for each of the technology fields examined. A 
combination of private investment and venture capital 
ranked second among the companies, but only 11 percent 
financed operations in this manner. About 6 percent of the 
companies were financed solely with venture capital; com- 
panies active in telecommunications technologies led the 
other six fields in using this form of financing. 


Performance of New High-Tech Companies 


The performance of high-technology companies 
slowed during 1990, yet they continued to outperform 


“Private investment includes capital provided by principals of the 
company and by outside private individual investors. 
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Figure 6-24. 
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U.S. locations of companies active in three technology fields 


Biotechnology 
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See appendix table 6-37. 


other sectors of the economy (see Corporate Techno- 
logy 1991, p. 1-viii). High-tech companies formed during 
the 1980s showed their importance to the U.S. economy 
by their performance in four indicators—employment 
growth, job creation, annual sales, and sales exports. 
(See text table 6-3.) Computer-related companies experi- 
enced the highest growth rate of the seven technology 
fields during 1990, increasing employment by about 14 
percent and adding over 250,000 new jobs. Businesses 


developing computer hardware did somewhat better 


than the software companies. 

The 1990 earnings recorded by these newly formed 
high-tech companies suggest an ability to generate high 
revenues even during sluggish economic periods as well 


as a capacity to offer products that meet the demands of 
the global marketplace. Annual sales productivity per 


employee ranged between $86,000 for biotech companies 
up to $173,000 for companies producing computer hard- 
ware. About 40 percent of these new companies generat- 
ed over 10 percent of their revenues from sales to foreign 
markets. The advanced materials field had the highest 
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Figure 6-25. 
Sources of capital for new high-tech companies 
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percentage of companies involved in exporting (44 per- 
cent); the software field had the lowest (32 percent). 
Software suppliers may be somewhat less aggressive 
than other high-tech companies in seeking out foreign 
customers, in part because of persistent international dis- 
agreements surrounding the rules governing intellectual 
property rights (see ITA 1991, p. 28-15).” 


Technologies for Future 
Competitiveness 


Several recent U.S. Government reports (National 
Critical Technologies Panel 1991, Technology Admin- 
istration 1990, and DOD 1989) linked future U.S. eco- 
nomic and national security with the timely develop- 
ment and deployment of certain key technologies. 
Although these reports generally agree on the technol- 
ogy fields on which the United States needs to focus 
its attention, they differ in certain instances by the 
technologies emphasized within each field. (See text 
table 6-4.) This section focuses on the 12 emerging 
technologies singled out by the Department of 
Commerce as crucial to this Nation's future industrial 
competitiveness (Technology Administration 
1990). These 12 technologies are categorized into four 
major areas—materials, electronics and information 
systems, manufacturing systems, and life sciences 
applications—and have an estimated potential for $1 


“In fact, copyright protection for software is a high-priority issue in 
the ongoing negotiations toward the economic integration of Europe. 
As of the end of 1990, this issue remained unresolved. 
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trillion in annual product sales in the global market by 
2000."' 

Figure 6-26 summarizes the comparative condition of 
the U.S. effort, as seen by the Department of Commerce, 
in each of the 12 technologies vis-a-vis the positions of 
Japan and the European Community. Briefly, as of 1989, 
the United States was considered to be ahead of or even 
with Japan in 7 of the technologies and ahead of or even 
with Europe in 11. The United States was considered the 
world leader in five technologies—artificial intelligence, 
biotechnology, high-performance computing, medical 
devices and diagnostics, and sensor technology; it 
lagged behind both Japan and Europe in just one area— 
digital imaging technology. 

However, according to DOC’s Technology Admin- 
istration (1990), if current trends continue, the United 
States could lose its leadership position to Japan and 
Europe in many of these technologies by the year 2000. 
(See figure 6-26.) 


‘An emerging technology is defined as *. . . one in which research 
has progressed far enough to indicate a high probability of technical 
success for new products and applications that might have substantial 
markets within approximately 10 years.” DOC'’s Technology 
Administration identified its list of critical emerging technologies 
through consultations with scientists and engineers at the National 
Institute of Standards and Technology, analysts at DOC'’s International 
Trade Administration, and various U.S. science, engineering, and indus 
trial experts 

This section focuses on the DOC list rather than those compiled by 
the Department of Defense or the National Critical Technologies Pane! 
primarily because the DOC list ‘1) focuses on technologies with a com 
mercial importance, (2) provides international comparisons with Japan 
and Europe by technology, and (3) overlaps most of the technologies 
contained on the other two lists. 


Text table 6-3. 
Performance measures for newly formed companies active in certain high-tech fields: 1990 
Employment Number of Percentage of 
growth rate jobs created Annual companies exporting 
during past during past sales per over 10 percent of 
Field year year employee total sales 
Automation.......... 12.6 58,471 $126,330 40.7 
Biotechnology.......... 10.6 16,468 86,063 43.9 
Computer hardware...... 14.5 148,304 172,752 42.9 
Computer software... _.. 13.9 103,479 107,992 32.1 
Advanced materiais...... 5.8 32,452 155,198 444 
Photonics and optics... .. 84 27.654 103,592 36.8 
Telecommunications ..__. 12.7 61,280 117,679 43.9 


NOTE: Includes independent companies formed during 1980-89 


SOURCE: Derived from the CorpTech data base (Rev. 6.0 1991). Corporate Technology information Services, inc.. Wellesley Hills, MA 
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National critical technologies Commerce emerging technologies Defense critical technologies 
Materials 
Materials synthesis and processing Advanced materials Composite materials 
Electronic and photonic materials Advanced semiconductor devices Semiconductor materials and microelectronic 
Superconductors Circuits 
Superconductors 
Ceramics 
Composites Advanced materials Composite materials 
High-performance metals and alloys 
Manufacturing 
Flexible computer-integrated Flexible computer-integrated 
manufacturing manufacturing 
intelligent processing equipment Artificial intelligence Machine intelligence and robotics 
Systems management technologies 
information and communications 
Software High-performance computing Software producibility 
Microelectronics and Advanced semiconductor devices Semiconductor materials and microelectronic 
optoelectronics Optoelectronics circuits 
Photonics 
High-performance computing and High-performance computing Parallel computer architectures 
networking 
High-definition imaging and displays Digital imaging Data fusion 
Sensors and signal processing Sensor technology Data fusion 
Signal processing 


Passive sensors 
Sensitive radars 
Machine intelligence and robotics 


Data storage and peripherals High-density data storage Photonics 

Computer simulation and modeling High-performance computing Simulation and modeling 
Computational fluid dynamics 

Biotechnology and life sciences 

Applied molecular biology Biotechnology Biotechnology materials and processes 

Medical technology Medical devices and diagnostics 


Aeronautics and surface transportation 
Aeronautics Air-breathing propulsion 
Surface transportation technologies 


Energy and environment 

Energy technologies 

Pollution minimization, remediation, 

and waste management 

No national critical technologies counterpart 
high energy density materials, hypervelocity 
projectiles, pulsed power, signature control, 
weapon system environment 


NOTE: National critical technologies were designated by the National Critical Technologies Panel: emerging technologies were designated by the Department 


of Commerce. defense critical technologies were designated by the Department of Detense 


SOURCE: National Critical Technologies Panel, Report of the National Critical Technologies Panel (Washington, DC: 1991) 
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Figure 6-26. 


U.S. report card: 1989 status and trends 
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Status 
Versus Japan Versus Europe 
Advanced materials 
Advanced semiconductor devices 
Behind Digital imaging Digital imaging 
High-density data storage 
Optoelectronics 
Flexible computer-integrated manufacturing 
Even Superconductors Superconductors 
Artificial intelligence Advanced materials 
Biotechnology Advanced semiconductor devices 
Flexible computer-integrated Artificial intelligence 
Ahead manufacturing Biotechnology 
High-performance computing High-density data storage 
Medical devices and diagnostics High-performance computing 
Sensor technology Medical devices and diagnostics 
Optoelectronics 
Sensor technology 
Trends 
Advanced materials Digital imaging 
Biotechnology Flexible computer-integrated manufacturing 
Losing Badly Digital imaging 
Superconductors 
Acvanced semiconductor devices Medical devices and diagnostics 
High-density data storage 
Losing High-performance computing 
Medical devices and diagnostics 
Optoelectronics 
Sensor technology 
Artificial intelligence Advanced materials 
Flexible computer-integrated Advanced semiconductor devices 
Holding manufacturing High-density data storage 
Optoelectronics 
Sensor technology 
Superconductors 
Artificial intelligence 
Gaining Biotechnology 


High-performance computing 


SOURCE: Technology Administration, Department of Commerce, “Emerging Technologies: A Survey of Technical and Economic Opportunities” (Washington 


DC: DOC, 1990) 
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Attitudes Toward Science and Technology: 
The United States and International Comparisons 


HIGHLIGHTS 


U.S. Public Attitudes Toward Science 
and Technology 


¢ Most Americans have a positive attitude about 
science and technology (S&T). For over 30 years, 
at least four out of five American adults have stated 
that S&T has a positive effect on their lives. See pp. 
174-76. 


e Americans trust the motives of scientists. Eighty 
percent agree that most scientists want to make life 
better for the average nerson. See pp. 176-77. 


e Americans support Federal funding of basic 
research. Four-fifths agree with the proposition that 
even if it brings no immediate benefits, basic scientific 
research should be supported by the Federal 
Government. See p. 177. 


e Assessments of space exploration are changing, 
and in a negative direction. Between 1985 and 
1990, the proportion of Americans who felt that the 
costs of the space program exceed its benefits 
increased from 38 to 47 percent. See pp. 177-79. 


e Fewer Americans now approve of using large 
animals in scientific research. Between 1985 and 
1990, the percentage who approved of research caus- 
ing pain to animals like dogs and chimpanzees—even 
if it results in new knowledge about human health— 
fell from 63 to 50 percent. See p. 181. 


U.S. Public Attitudes Toward Education 


¢ The U.S. public sees strong links between edu- 
cation, advancements in science, and U.S. eco- 
nomic competitiveness. Seventy-five percent of the 
public feels that if more Americans could obtain a col- 
lege degree, “big improvements” would result in 
science, medicine, and technology; 59 percent predict 
big improvements in U.S. competitiveness. See 
pp. 179-80. 


e Americans are increasingly concerned about the 
quality of science and mathematics education. 
Since 1985, the percentage of adults who agree tht 
science and mathematics education in U.S. schools is 
inadequate has risen from 63 percent to 72 percent. 
See pp. 179-80. 


international Comparisons of Attitudes 
Toward S&T 


¢ Public attitudes toward S&T are reported in this 
volume for 15 countries. In 1989 and 1990, coordi- 
nated surveys were conducted in Japan, Canada, the 
United States, and 12 countries of the European 
Community. See pp. 182-84. 


e U.S. and Canadian adults are similar in their 
attitudes toward S&T and are more positive in 
these attitudes than Western European adults. 
They are also more positive about the impacts of sci- 
ence. Sce pp. 184-85. 


¢ Notable differences in public support for govern- 
mental funding of basic research are evident 
among the national populations of Western 
Europe and the United States. U.S., British, and 
French respondents were in strong agreement that 
government should support basic research. In con- 
trast, only a bare majority of adults in West Germany 
agreed with this proposition. See pp. 184-85. 


¢ The Japanese seem less positive about S&T than 
Americans, but the indicators are unclear. Larger 
percentages of Japanese than Americaus disagree 
that S&T has positive effects on life. On other indica. 
tors, Japanese attitudes towerd S&T are positive. See 
pp. 185-86. 


¢ Japanese and American respondents are similar 
in their assessments of the effects of science on 
moral issues. About a third of the adults in each 
cou''ry are concerned that science has a negative 
effect on morals. See p. 186. 


Knowledge of Basic Facts About S&T 


¢ U.S. response patterns for several true/false 
questions about S&T are similar to Canadian 
and European (total) responses. Mean accurate 
response rates are very similar, and similar distribu- 
tions within the samples are also evident. Among the 
member countries of the European Community, how- 
ever, there are considerable differences in both accu- 
rate response rates and distribution of such responses 
in the populations. See pp. 187-89. 


Perception of International Standing in S&T 


¢ Americans increasingly feel that the Japanese are 
ahead of the United States in basic scientific 
achievements. Between 1985 and 1990, the proportion 
of adults placing Japan ahead of the United States in 
basic science increased from 29 to 50 percent. See 
pp. 189-90. 


¢ Americans today are less concerned about Soviet 
military technology than they were 5 years ago. 
Between 1985 and 1990, the proportion of Amevicans 
considering the United States ahead of the Soviet 
Union in military technology increased from 33 to 46 
percent. Americans with more education tended to be 
even more critical in their evaluations of Soviet mili- 
tary technology. See p. 190. 
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introduction 


Chapter Focus 


A substantial majority of Americans value scientific 
research, and they perceive a strong link between 
advances in science and technology (S&T) and improve- 
ments in their own daily lives. Even if they are unsure 
about the actual processes of scientific work, Americans 
are positive about the institution of science, about scien- 
tists, and about government support for research. 
American optimism about science stands out among the 
industrialized countries; compared with Canada, Japan, 
and the nations of Western Europe, the United States 
scores high on a set of indicators of public confidence in 
science. 

The U.S. public has maintained its strong support for 
science while remaining unaware of basic scientific con- 
cepts about the natural world. Most adults are not conver- 
sant with the broad scientific questions underlying a num- 
ber of contemporary public policy issues. They often reject 
scientific explanations that disagree with other beliefs, and 
their otherwise strong support for science is more equivo- 
cal when scientific and moral questions conflict. 

Americans are increasingly concerned about the qual- 
ity of education in the United States and overwhelmingly 
favor more training in science and mathematics. And, in 
response to rapid global political and economic changes, 
the U.S. public is changing its perceptions of the coun- 
try’s world standing in S&T. A majority of American 
adults now think that Japan leads the United States in 
both technological development and basic scientific 
achievement, while evaluations of Soviet scientific and 
technological capabilities have dropped sharply. 


Chapter Organization 


This chapter discusses indicators of these and related 
topics using data from a series of attitudinal surveys 
commissioned for this and previous /ndicators reports.’ 
The chapter is divided into two sections. The first con- 
tains indicators for the United States only and empha- 
sizes trends over time. This section also contains an 
expanded discussion of U.S. public attitudes toward 
issues concerning education and includes a new scale of 
science and mathematics coursetaking. Many of the data 
displays show the different response rates for people 
wit): varying levels of formal training in science and 
mathematics. 

The second section of this chapter discusses g* —atly 
expanded international comparisens on several of the indi- 
cators introduced earlier in the chapter. These compar- 
isons are possible because of the rapidly growing number 


‘The most recent U.S. survey was conducted in September and 
October 1990. See footnote 3 and “Availability of Data,” p. 183. 
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of researchers and sponsoring organizations around the 
world interested in public attitudes toward S&T. 


U.S. Public Attitudes Toward S&T 


Many of the followiag indicators of U.S. public attitudes 
toward S&T have been collected over the 20-year history 
of Indicators at roughly 2-year intervals.-' The information 
is organized around these three major questions: 


¢ Who is interested in and attentive to issues concern- 
ing S&T, and how does the adult public learn about 
these aspects of the culture? 


¢ What does the public know about science, including 
knowledge of scientific concepts, of basic scientific 
findings and theories, and of current public policy 
issues involving S&T? 


e What are public attitudes toward S&T, that is, how 
does the public evaluate various aspects of or- 
ganized science, the effects of science on their daily 
lives, and large public technology programs? 


Who Is Interested in Science? 


In a modern society rich with information, people tend 
to specialize in the subjects they pay attention to. They 
also tend to use different media to learn about current 
affairs, and these habits of media use differ by level of 
education, age, and gender. Only television seems to be 
used by virtually all adults as a source of information 
about current affairs. 

The following discussion focuses on adult Americans 
who tend to pay attention to scientific and technological 
matters and how these particular Americans differ from 
people who are more interested in other types of issues. ! 


In a few cases, the measures extend back to 1957—just betore the 
launching of Sputnik—to a study sponsored by the National Science 
Writers Association (Survey Research Center 1958). From 1979 
through 1990, the survey data in this chapter are largely from Miller 
(1991a), and many of the concepts in this chapter were first proposed 
by Miller and Prewitt (1979) and by Miller, Prewitt, and Pearson (1980) 
under the sponsorship of the National Science Foundation. Miller 
(1991b) has since modified and expanded certain of these concepts 

The 1990 Indicators survey of 2,033 adults was performed, by tele- 
phone, from the Public Opinion Laboratory of Northern Illinois 
University. The response rate was 65 percent. The results of a survey 
of this size are certain at +3 percent at the 95-percent confidence 
level—that is, of all possible samples of this size, responses would be 
within 3 percentage points of those reported here 95 percent of the 
time. Uncertainty for subsamples in this chapter would be somewhat 
greater. ip the interests of space, confidence intervals of the data are 
not discussed here. The technical report for the 1990 survey and an 
integrated codebook from the five Indicators surveys are available 
(Miller 1991a and 1991b). See “Availability of Data,” p. 183. 

‘This section discusses only six issue areas from the /ndicators sur- 
vey. (See text table 7-1.) The survey also asks about interest in and 
knowledge of international and foreign policy, economic issues and 
business conditions, military and defense policy issues, local school 
issues, and agricultural issues. For responses on these items, see 
appendix tables 7-1 and 7-2 and Miller (1991a) 
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The section presents the following three sets of indica- 
tors comprising different aspects of attentiveness: 


e /nterest in different sets of issues, 
© Level of information about the sets of issues, and 


© Exposure to media where learning about the issues 
might occur. 


These indicators are then combined in indexes of 
“attentiveness” to scientific and other subjects. 


Interest in News About S&T. The first aspect of atten- 
tiveness is a measure of interest in different sets of issues. 
Like most of the other indicators in this chapter, interest 
in news issues involving new scientific discoveries 
remained relatively stable over the past decade: between 
37 and 48 percent of people surveyed acknowledged a 
high interest. In 1990, 39 percent of U.S. adults said they 
were very interested in new scientific discoveries, and 
nearly 9 out of 10 were either “moderately” or “very” inter- 
ested in these discoveries. (See appendix table 7-1.) 

Compared with the 39 percent of respondents who say 
they are “very” interested in scientific discoveries and 
new inventions and technologies, larger percentages 
report being very interested in other issue areas, notably 
environmental pollution, military and defense policy, and 
new medical discoveries. (See figure 7-1.) 

Medical discoveries and environmental pollution held 
the interest of significant percentages of Americans; 
about two-thirds of the adult population were “very” 
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interested in these news items. In contrast, only about 
one-fourth of U.S. adults reported that they were “very” 
interested in space exploration, and a similar proportion 
was “not at all” interested in space exploration. This was 
the highest percentage reporting no interest in any of 
the issue areas. (See “Assessments of Three Technology 
Programs,” p. 177-79.) 

The percentages of Americans who were very interest- 
ed in military and defense policy and in international and 
foreign policy were up sharply in 1990 over 1988. (See 
appendix table 7-1.) The 1990 survey was conducted in 
October and November, just after the Iraqi invasion of 
Kuwait and concomitant with the buildup of U.S. troops 
in Saudi Arabia. (See also footnote 20.) 


Level of Information About S&T. A second important 
aspect of attentiveness is a level of knowledge about the 
subject of interest. In contrast with their expressed high 
levels of interest in sets of news issues, American adults 
were less confident about their levels of knowledge of 
these subjects. Fewer than a third of adults felt very well- 
informed about any of the sets of issues, and as many as a 
third or more felt poorly informed about several. 

A third of U.S. adults felt very well-informed about 
issues involving environmental pollution. On all of the 
other issues shown in appendix table 7-2, a quarter or 
fewer of U.S. adults felt very well-informed. Most judged 
their knowledge of issues to be “moderate.” 

Many Americans were pessimistic about their knowl- 
edge of some matters involving S&T but were more con- 


Figure 7-1. 
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fident about others. Over 30 percent felt poorly informed 
about new scientific discoveries, 35 percent about new 
inventions and technologies, and 38 percent about space 
exploration. In contrast, only 20 percent felt poorly 
informed about new medical discoveries and 13 percent 
about environmental pollution. These contrasting 
response patterns on subjects with considerable S&T 
content are mirrored in the different demographic char- 
acteristics of the groups that pay attention to specific 
sets of subjects. 


Media Exposure to S&T. The third facet of atten- 
tiveness is a habit of exposing oneself to media where 
learning about issues might occur. The general popula- 
tion, not otherwise predisposed to seek exposure to sci- 
ence, might learn about S&T in the popular media: tele- 
vision, newspapers, and magazines. Newspapers have 
especially increased their coverage of science- and 
health-related topics over the past decade, often in spe- 
cial sections devoted to these articles (NSB 1987). 
More focused exposure to scientific information might 
be gained from science magazines, from television 
shows like “Nova,” or from visits to such public places 
as natural history museums, S&T museums, zoos, and 
aquariums. 

To gauge the extent of such contacts with S&T issues, 
the Indicators survey asks respondents about their 
habits in 


e Reading, 
¢ Television viewing, and 
e Museum attendance. 


About 57 percent of adults reported reading a daily 
newspaper, and men were somewhat more likely than 
women to use this source of information. (See appendix 


Figure 7-2. 
Effect of age on media use and museum visits: 1990 
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table 7-3.) Daily newspaper readership is also strongly 
correlated with increasing age. (See figure 7-2.) Older 
adults were about twice as likely as younger adults to 
read a daily newspaper. Also, older people were more 
attentive to new medical discoveries than were other 
groups. This characteristic of the newspaper reading 
population may help explain the growth in special 
health sections in U.S. newspapers (reported in NSB 
1987), even though daily newspaper reading by the 
general population has been declining for several 
decades.” 

Education level is positively related to daily news- 
paper reading, and even more strongly to reading of 
national newsmagazines and science magazines. Adults 
who have graduated from college were almost four 
times as likely as those who had not finished high 
school to read newsmagazines; they were three times 
more likely to read science magazines regularly. (See 
figure 7-3.) Using these specialized sources of informa- 
tion is somewhat related to increased age, but only up 
through the 45- to 64-year-old age group; beyond these 
ages, general newsmagazine and science magazine 
readership drops sharply. (See figure 7-2.) Women were 
less likely than men to read science magazines: 81 per- 
cent stated that they never use this medium versus 66 
percent of men. 

Education level has virtually no effect on the likeli- 
hood of watching both television news and science 
shows.’ (See figure 7-3.) Age is positively correlated with 
watching television news and science programs. 


‘Between 1972 and 1990, daily newspaper readership declined from 
69 to 53 percent of the population (NORC annual series). 

"Television science shows in the survey were defined as “Nova” and 
National Geographic specials. 


2 
15> 
| U.S. average 

1 

0.5 i 

0 

Watches TV Watches science Reads a science 
news regularly daily agazine TV regularly magazine regularly 
ugularly 


NOTE: U.S. average = 1. 


See appendix tables 7-3 and 7-4 for absol:": values and question wordii igs 
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Museum visits may result in casual learning about 
S&T. In 1990, 42 percent of the respondents indicated 
that they visited a science museum at least twice in the 
previous year.’ Among college graduates, 64 percent 
reported such visits; this was more than three times the 
likelihood of persons with no high school degree. (See 
figure 7-3.) 

Thus, each of the variables of age, gender, and educa- 
tion level is helpful in predicting the likelihood of expo- 
sure to opportunities for informal learning about S&T. 
As shown above, each of these variables is also identified 
with select media. 


“Attentiveness” to S&T. When considered togeth- 
er, the three sets of indicators discussed above—interest 
in, level of information about, and media exposure to 
S&T issues—identify segments of the adult population 
that are regularly “attentive” to different sets of issues in 
the news.* The /ndicators series has used the attentive- 
ness concept to distinguish among segments of the adult 
population that follow public policy matters with signifi- 
cant scientific and technological implications—e.g., 
nuclear energy policy, new medical technologies, and 
space exploration. Political leaders ar« likely to turn to 
these groups—or their representatives—in the course of 
setting policy in these areas. 


“Science museum” here refers to a science or technology museum, 
a zoo or aquarium, or a natural history museum, each of which was 
asked about separately in the survey. 

‘Miller (1991b) has further refined this concept of attentiveness to 
various issues and has constructed a measure of “attentiveness to sci- 
ence and technology policy” which is a combination of attentiveness to 
scientific issues and attentiveness to issues involving new technologies. 


Figure 7-3. 
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The /ndicators index of attentiveness to selected 
issues uses respondents’ self-reports on 


e /nclination to follow certain items in the news—a 
respondent must state that he or she is “very inter- 
ested” in an issue area to be labeled attentive to that 
area; 


¢ Knowledge of an area—a respondent must state that 
he or she is “very well-informed” about an issue 
area to be labeled attentive to that area; and 


¢ Behavior that would expose a person to information 
about certain issue areas—a respondent must state 
that he or she is a regular reader of a daily news- 
paper, a national newsmagazine, or a science maga- 
zine to be labeled attentive to any issue area. 


Text table 7-1 shows the proportions of adult 
Americans who meet all three of these criteria on each 
of six sets of issues. 

About 8 percent, or some 14 million U.S. adults, are 
attentive to new scientific discoveries.” Attentiveness to 
scientific matters is strongly dependent upon educa- 
tional level, particularly education in mathematics and 
science. People who are college graduates are more 
than twice as likely to be attentive to new scientific dis- 
coveries, and people with more science and mathemat- 
ics courses in high school and/or college are more 


‘U.S. population estimates used throughout this chapter are from 
special tabulations of the Bureau of the Census, Current Population 
Survey, third quarter, 1990. The population estimates are based on 
civilians 18 years of age or older, not living in group quarters, and 
including military personne! living off-base in the United States. 


Effect of education on media use and museum visits: 1990 
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Public attentiveness to news issues, by selected characteristics: 1990 


Attentiveness to... 


New 
scientific New Nuclear Medical Space Environmental 
discoveries technologies energy discoveries exploration pollution N 
Percent 
Total public ................. 8 7 8 16 6 20 2,033 
Gender 
Male. ................... 11 11 12 15 10 23 964 
Female. ................. 4 4 17 3 18 1,070 
Degree level 
No high school degree....... 7 5 7 19 3 15 495 
High school graduate’........ 6 7 7 14 6 21 1,179 
College graduate........... 16 12 12 18 11 27 359 
Science & math education: 
Low .................... 5 5 5 15 4 16 1,263 
Medium.................. 9 10 10 14 7 25 523 
High... 2.2.2.2. eee, 24 17 16 23 17 33 248 
Age 
GEE pce ads cecwesw nde bs 8 8 5 10 7 19 322 
ys re 7 9 4 10 6 16 497 
UD kn, #5-4-% oe ee on ek ES 9 6 7 12 5 19 366 
Pr 8 7 9 20 6 23 533 
65andolder.............. 9 7 14 6 24 315 


28 


‘Includes respondents with associate degrees 


‘For an explanation of the education index, see “The Science and Mathematics Education Index.” p. 172 


SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991); and unpublished tabulations. 


than four times as likely to be attentive to scientific dis- 
coveries. (See “The Science and Mathematics Educa- 
tion Index,” p. 172.) Men are nearly twice as likely to be 
attentive to new scientific discoveries as are women. 

Between 6 and 8 percent of Americans are attentive 
to new technologies, nuclear energy, and space explo- 
ration. As with attentiveness to science, these groups 
of the adult public are highly educated compared to 
the general population, and they are dominated by 
men. Women seem particularly inattentive to these 
three areas. 

Of the issue groups shown in text table 7-1, much 
larger percentages of the total adult population are 
attentive to medical discoveries and environmental pol- 
lution; women are more likely to belong to these atten- 
tive publics than to others. Older Americans regularly 
pay attention to medical discoveries, and attentiveness 
to environmental issues also increases somewhat with 
age. The effect of education in general disappears for 
the segment of the population attentive to medical 
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discoveries; however, persons with more courses in sci- 
ence and mathematics are more likely to belong to this 
attentive group. 

The attentive public for environmental pollution is 
about 20 percent, or 36 million Americans. Members ot 
this attentive public are proportionately more highly edu 
cated and older. 

In interpreting the various indicators discussed later 
in this chapter and analyzing the response patterns of 
the general population versus those of the attentive 
groups, it is helpful to note the different characteristics 
of the various attentive groups. People attentive to sci- 
entific discoveries or to space exploration are consider- 
ably more likely to be highly educated and to have had 
more science and mathematics courses than nonatten- 
tives. Also, although men account for only about 47 
percent of the survey sample, they constitute two 
thirds of the public attentive to scientific discoveries 
and over three-quarters of those attentive to space 
exploration. 
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Many of the tables in this chapter display a cross-cut 
of the data by high, medium, and low levels of science 
and mathematics education. Miller (1991b) developed 
this index from the 1990 Jndicators survey and has 
used it to explore variations on a scale of “scientific lit- 
eracy.” 

The index was constructed from three sets of ques- 
tions. First, respondents were asked if they had taken 
a high school course in biology, chemistry, or physics. 
Second, they were asked their highest level of mathe- 
matics coursework taken in high school. From this 
second question, a total number of courses of high 
school mathematics was inferred for each respondent 
based on a typical high school program of mathemat- 
ics courses: first-year algebra, geometry, second-year 
algebra, precalculus, and calculus. 

Third, respondents who reported having finished 
high school were asked how many college-level cours- 
es in biology, chemistry, or physics they had taken. 
(Some 70 percent of U.S. adults have never taken a col- 
lege-level science course.) Typical responses were 
“one or two” or “15 or 20 courses” for some respon- 
dents. For the purpose of index construction, a maxi- 
mum of 10 college-level science courses were counted 
for any respondent. 

These three estimates (reports of high school and 
college courses in biology, chemistry, and physics and 
inferred high school mathematics courses) were then 
totaled and divided into three levels of courses: low, for 
four or fewer courses (62 percent of respondents); 
medium, for five to eight courses, representing a good 
high school program (26 percent); and high, repre- 
senting a good high school program and some college 
coursework (12 percent). (See text table 7-2.) 

Men were twice as likely as women to have high 
exposure to formal science and mathematics education 
in high school and college; some 70 percent of women 
in the United States reported low exposure to these 
courses. Older Americans, especially after age 45, have 
also had relatively less coursework in science and 
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mathematics. High exposure to science and mathemat- 
ics in school was most prominent for young adults up 
through age 44. As this group matures, higher percent- 
ages of the total population will be able to report more 
exposure to formal training in science and mathemat- 
ics. 


Text table 7-2. 
Index of science and mathematics education, 
by gender and age 


Low Medium High N 


Percent 
Total public ............. 62 26 12 2,033 
Gender 
Male................ 53 30 17 964 
Female.............. 70 22 8 1,070 
Age 
18-24 ..........0.... 47 41 12 322 
25-34... ee. 57 26 17 497 
35-44... ee. 58 26 16 366 
45-64 ........00...... 69 22 9 533 
65andolder.......... 80 16 4 315 
Attentive publics 
New scientific discoveries. 37 27 35 168 
New technologies ..... 38 33 29 148 
Nuclear energy........ 43 33 25 157 
Medical discoveries... . . 59 23 18 323 
Space exploration ...... 36 31 33 123 
ynmental pollution... 48 32 20 412 


NOTES: This index is based on the number of high school science and 
mathematics courses and the number of college science courses taken 
The index includes high schoo! mathematics and high school and college 
courses in biology, chemistry, and physics: it excludes Courses taken in 
other disciplines or in college mathematics. “Low” is four or fewer courses. 
“medium” is five to eight courses, and “high” is nine or more courses 
Percentages may not total 100 because of rounding 


SOURCES: J.D. Miller, The Public Understanding of Science & Technology 
in the United States, report to the National Science Foundation (DeKalb. IL 
Public < pinion Laboratory. Northern Iilinois University, 1991). and unpub- 
lished tabulations 
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What Do People Know About Science? 


Since 1979, the /ndicators studies of public attitudes 
toward S&T have included indicators of the adult popu- 
lation’s understanding of scientific terms and concepts." 


Knowledge of Scientific Process. Most respon- 
dents have difficulty answering the first question in the 


The survey has regularly requested open-ended definitions of “sci 
entific study,” “radiation,” and “DNA.” (Respondents are first asked if 
they have clear, general, or little understanding of a term. Those 
reporting litthe understanding are not asked for the followup defini 
tion.) These and other open-ended questions are coded by indepen 
dent coders at the Public Opinion Laboratory, Northern Ilinots 
University, and tests of intercoder reliability are performed and differ 
ences resolved. Multiple-choice questions designed to measure 


short battery of open-ended inquiries about level of 
knowledge of scientific terms and concepts. This ques- 
tion asks: “In your own words, could you tell me what it 
means to study something scientifically?” In 1990, 18 
percent of U.S. adults gave an acceptable definition of 


respondents’ understanding of the concepts of “probability” and “con 
rolled study” were added in 1988. In 1990, batteries of questions con 
cerning two topical environmental issues—acid ram and the ozone 
hole—were added 

In addition, as part of ongoing studies of scientific literacy (Miller 
1991Tb) the 1990 survey included a short battery of simple closed 
ended questions that are used here to indicate the distribution of el 
mentary scientific knowledge in the adult population. “Knowledge of 
Screntific Conclusions,” pp) 187-84 reports on the use of several of 
these quiztype questions for comparisons among the United States, 
Canada, Japan, and the buropean Community 
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scientific study.''” (See appendix table 7-5.) Significantly 
higher percentages of people with more education could 
correctly provide the definition. 

Closed-ended questions concerned with aspects of sci- 
entific work elicited much higher correct response rates. 
For example, when asked a multiple-choice question 
involving probability, 70 percent of the adult population 
selected the correct answer. (See appendix table 7-5.) 
Similarly, 72 percent correctly answered a closed-ended 
question about controlled clinical trials. These very dif- 
ferent rates of correct response on aspects of scientific 
study suggest that respondents may well know more 
about science than responses to the open-ended ques- 
tion would indicate." 


Knowledge of Environmental Issues. In addition 
to the items concerning interest in and knowledge about 
issues involving environmenta! pollution (see “‘Atten- 
tiveness’ to S&T,” pp. 170-71), the 1990 survey included 
short sets of questions about two timely environmental 
issues: acid rain and ozone depletion. 

When asked to describe acid rain, 6 percent of the 
adult public was able to give a scientifically correct 
response. (See appendix table 7-6.) An additional 10 per- 
cent was able to name the cause or source of acid rain 
(“smokestacks,” “plants that burn coal,” etc.), and 31 
percent referred to an unspecified “pollution” for a par- 
tially correct response. Higher percentages of respon- 
dents with more education—including more science 
education—were able to describe acid rain correctly, but 
overall fewer than one in five adults could knowledge- 
ably engage in a conversation about acid rain. Even the 
attentive public for issues involving environmental pollu- 
tion was surprisingly ignorant about this widespread and 
current public policy issue: 40 percent of this group 
failed to describe the scientific issue correctly, and 
another 36 percent were able only to identify acid rain 
with a general concept of “pollution.” 

A somewhat larger percentage of U.S. adults seemed 
to grasp the technical aspects involved in producing the 
ozone hole. One-fourth of the survey respondents gave a 
correct answer to the question “In your own words, why 
is there a hole in the ozone layer?”"' An additional 18 
percent mentioned “pollution” as the cause of the ozone 
hole problem. 


''For coding purposes, responses referring to theory or hypothesis 
testing, to experimentation, or to thorough study or comparison are 
considered acceptable definitions. Coded separately, but not accepted 
as correct, are responses referring to measurement or classification. 

“Withey (1959) found that 12 percent of American adults had an 
acceptable understanding of “scientific study” in 1957. 

‘Miller (1991b) uses the open-ended question as one component of 
scientific literacy. In addition to requiring a correct response on this 
question, he also requires respondents to reject astrology as having 
any scientific basis. In 1990, 13 percent of the adult population passed 
this component of his literacy construct. 

“Correct” in this case refers to the ability to describe correctly the 
roles of chlorofluorocarbons (CFCs) or chlorine atoms in the process 
of creating the hole, or the ability to identify the technologies—aerosol 
sprays, refrigerants, and styrofoam manufacturing—thai release most 
of the CFCs. 
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Correct responses to this question were strongly relat- 
ed both to gender and level of education. (See appendix 
table 7-6.) About one-third of male and one-fifth of female 
respondents were able to identify the ozone hole prob- 
lem correctly. Forty-five percent of the attentive public 
for environmental pollution was unable to describe cor- 
rectly why the ozone hole exists.'° 

The public is also unclear about the location of the 
ozone hole.'® Only 11 percent could identify the Ant- 
arctic, and another 4 percent mentioned both the South 
and North Poles. As with other questions on the survey, 
men and people with higher levels of education were 
more likely to place the ozone hole geographically. Over 
90 percent of U.S. adult women did not know the loca- 
tion of the ozone hole. 

In sum, 25 percent of the general U.S. adult population 
were able to offer correct information about these two 
significant public policy issues of environmental pollu- 
tion. Similar results hold for the public attentive to issues 
involving environmental pollution. The findings suggest 
that, although these environmental issues cause emotion- 
al responses and high levels of concern among adults, 
this concern is poorly grounded in factual information. 


Knowledge of Scientific Concepts. Whe 1988 and 
1990 Indicators surveys included short batteries of 
closed-ended simple questions about S&T to test respon- 
dents’ knowledge of widely accepted scientific and tech- 
nological phenomena that they would most likely have 
learned in primary or secondary school." 

Of the 13 questions shown in figure 7-4, about 15 per- 
cent of adults could answer half of them correctly. Just 
over 1 percent answered all of the questions correctly. 

Over three-fourths of the respondents knew simple 
facts about the natural world: that the center of the earth 
is hot, that plants produce oxygen, that hot air rises, and 
that light travels faster than sound. Seventy-seven per- 
cent agreed with the concept of continental drift. 

Respondents had more trouble with several simple 
questions involving common technologies: 37 percent 
claimed not to know whether lasers generate light waves 
or sound waves. And a full 70 percent did not know if 


This finding, and others shown in appendix table 7-45, underlines 
the need for sensitivity to the differences between attentiveness to an 
issue and knowledge of an issue. 

“ This question may also indicate a lack of knowledge of world geog- 
raphy. 

' The questions discussed in the following sections were developed 
by Jon Miller of Northern Ilinois University, John Durant of the 
Science Museum, London, and Geoffrey Thomas of University of 
Oxford, England. See Miller (1987). 

Most of these questions are asked in a true/false format; a “don't 
know” response is accepted but not offered for every question. Rather, 
the introduction to the knowledge battery states that “If you don't know 
or aren't sure, just tell me so, and we will skip to the next question.” 

A few questions that virtually all respondents can answer correctly 
are included to bolster respondent confidence. In 1990 these questions 
included “Sunlight can cause skin cancer” and “Smoking causes lung 
cancer.” Ninety-five percent of U.S. adults over 18 agreed with these 
statements. These are examples of scientific findings that have 
become common knowledge; they also underline the extent to which 
Americans experience S&T through medicine 
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Figure 7-4. 
Knowledge of 13 scientific conclusions: 1990 


Distribution of correct responses in the U.S. population 
Percentage of respordents 

16 
15 
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Number of questions answered correctly 


‘includes respondents who could not answer #12 correctly. 
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Responses to individual questions 
Don't 
Correct incorrect know 
1. “The center of the earth isveryhot” ........ 79% 7% 14% 
2. “The oxygen we breathe comes from piants.”... 85 10 6 
3. “Lasers work by focusing sound waves.”...... 37 26 37 
i 95 2 3 
5. “Eloctrons are smaller than atoms.”......... 41 24 35 
6. “Antibiotics kill viruses as wellas bacteria” .... 30 60 11 
7. “The universe began with a huge explosion”... 32 33 35 
8. “The continents on which we live have been 
moving their location for millions of y2ars and 
will continue to move in the future” ......... 77 8 15 
9. “Human beings as we know therm today 
developed from earlier species of animals.” . 45 41 14 
10. “The earliest humans lived at the same 
time as dinosaurs.”..............2..... 47 36 18 
11. “Which travels faster: light or sound?” ....... 75 20 6 
12. “Does the earth go around the sun, or 
does the sun go around the earth?”......... 73 20 7 
Asked if question 12 was answered correcily: 
13. “How long does it take for the earth to go around . 
the sun? One day, one month, or one year?”... 48 18 33 


SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991); and unpublished tabulations 


antibiotics kill viruses, displaying a fundamental misun- 
derstanding of the differences among types of microor- 
ganisms and the efficacy of antibiotics in fighting com- 
mon diseases. 

More than half of U.S. adults are confused about very 
long timespans in the history of the earth: 36 percent 
agreed that humans lived alongside dinosaurs, and 18 
percent did not know the answer to this question." 

On questions that might conflict with some religious 
teachings, the response rates in the 1990 survey show 
that adults often chose belief over a scientific interpreta- 
tion of natural history. In the case of evolution, 41 per- 
cent rejected the idea that “Human beings as we know 
them today developed from earlier species of animals”; 
another 14 percent claimed not to know the truth or 
falseness of evolutionary theories of human develop- 
ment. In all, then, 55 percent of American adults either 
rejected outright or were uncertain about the theory of 
evolution. In a similar vein, when asked about the origin 
of the universe, 33 percent disagreed that “The universe 
began with a huge explosion,” and another 35 percent 
claimed not to know. 

The motions and timing of the solar system were con- 
fusing to many respondents. While 73 percent knew that 


Interpretation of this indicator is problematic, since some creation 
ists also believe that humans and dinosaurs co-existed. Failure to 
answer this question correctly may thus reflect respondents’ lack of 
knowledge or \ack ot beltef 
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the earth goes around the sun, only 48 percent knew 
that this journey takes 1 year. Respondents also have 
trouble with the atomic world: only 41 percent could an- 
swer correctly that “Electrons are smaller than atoms’; 
35 percent said they didn’t know. 

These response patterns indicate that most Americans 
are not familiar with fundamental scientific theories and 
do not understand basic characteristics of simple tech- 
nologies.” 

On the other hand, one of the clear findings of the 
Indicators studies is that the low level of knowledge of 
science in the U.S. adult population contrasts sharply 
with its consistently strong and positive attitudes toward 
science. Support for S&T among the U.S. population has 
remained high. Even if some observers are correct in 
predicting that the low level of scientific knowledge 
endangers the material progress of the Nation, there is 
no evidence of a decrease in general public support for 
the institution of science. So, at least for now, the lack of 
knowledge of science may not figure prominently in the 
public's support for science and scientists. 


What Do Peopie Think About Science? 


For over 30 years, at least four out of five Americans 
have stated that science and technology have a positive 


But the extent of LS. knowledge on these items ts wenerally com 
parable to that of other countries, as discussed in “Knowledge of 
Scientific Conclusions,” pp. 187-89 
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effect on their lives. These and similar indicators of pub- 
lic attitudes toward S&T are discussed in this section.~’ 
The following paragraphs discuss measures of public 
attitudes toward research, scientists, and Federal support 
of scientific research. Attitudes toward three large and vis- 
ible technology programs are then discussed, followed by 
a closer look at data indicating the public’s attitude toward 
education and the importance of education for S&T. 


Attitudes Toward Scientific Research and Sci- 
entists. The Indicators survey asks a number of ques- 
tions designed to measure attitudes of the adult public 
toward S&T.*' (See appendix table 7-7.) No single 
assessment of public attitudes toward S&T is presented 
in this chapter; it is important that all of the measures be 
taken together as indicators of an overall public assess- 
ment and that no undue significance be attached to any 
one question. 

In 1957, 94 percent of the American public agreea that 
“Science and technology are making our lives healthier, 
easier, and more comfortable.” Between 1957 and 1979, 
the percentage agreeing with this claim dropped to the 
low 80-percent range, but this apparent drop may be an 
artifact of different survey methodologies. In any case, 
the percentage agreeing with the stateme:! has not 
changed in the four surveys since 1979. The very low 
percentage that either says “don’t know” or refuses to 
answer (from 2 to 3 percent) suggests that respondents 
are unequivocal when making this assessment. 


“Only people, not nations or other groups, possess attitudes. 
Hennessy (1972) defines an attitude as a rather enduring orientation 
toward an object or set of objects. Hennessy sets “attitudes” midway 
between “opinions” and “belief systems” in his typology: 

© Opinions are orientations of the moment toward some specific, 
and passing or contemporary, object; 

© Attitudes are more diffused orientations toward an object or a class 
of objects, not necessarily of the moment or controversial, and more 
stable over time; and 

© Belief systems, or ideologies, are organizations of integrated opin- 
ions and attitudes closely identified with oneself, 

Hennessy (p. 38) argues that to have attitudes, an individual must 
possess “minimal cognitive activity, integrative capacity, and motiva- 
tional arousal.” Based on these criteria, it is likely that few individuals 
actually possess attitudes toward science. 

Miller (1991b) argues that most persons who qualify as attentive to a 
set of issues actually have attitudes toward those issues. (Note that in 
this chapter, the idea of an “attitude toward science” refers to an infer- 
ence of an attitude based on survey question responses.) 

Many of the response patterns shown here are for the attentive 
publics and for more highly educated groups of the adult population. It 
may be assumed that the responses of these groups are more stable 
and represent more consistent orientations toward the subjects being 
asked about than would be the case for the rest of the population. In 
short, responses for attentive and educated persons are more likely to 
reflect attitudes, not opinions. 

An example of the volatility in public opinion is shown in figure 7-15 
In the spring of 1980, there was an increase in public opinion noting 
that too little was being spent on the military. At the time, the Nation 
was deeply embarrassed over the Iranian hostage crisis, and the 
Soviets had just invaded Afghanistan. This very strong and short-lived 
change was probably a strong shift in opinion, not attitudes. The mod 
erately changing response patterns just before and after this shift were 
probably more reflective of attitudes 

The questions are purposefully designed to tap (1) general atti 
tudes and (2) assessments of more specific aspects of science 
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Respondents also feel that science is important in their 
own lives. About 85 percent disagree with the statement 
that “It is not important for me to know about science in 
my daily life.” 

Between 1979 and 1990, decreasing proportions of 
respondents agreed with the statement that “Science 
makes our way of life change too fast"—a statement 
deliberately worded with a negative bias. (See figure 
7-5.) In 1990, 60 percent disagreed with the statement, 
while 37 percent agreed; this represented a shift from 53 
percent and 44 percent, respectively, since 1979. 

The /ndicators survey also asks about general attitudes 
toward scientific research in a more complex formulation. 
Rather than being presented with a simple agree/dis- 
agree choice, respondents are asked to balance positive 
and negative effects in the question “Would you say that, 
on balance, the benefits of scientific research have out- 
weighed the harmful results, or have the harmful results 
of scientific research been greater than its benefits?”~ 
(See text table 7-3.) 

Figure 7-6 shows the strongly positive responses 
to this question by gender and education level. Men are 
more likely than women to have strongly positive 


“The question is then followed by a probe tor degree of harm or 
benefit: “Would you say that the balance has been strongly in lavor of 
beneficial [harmful] results, or only slightly?” Such probes encourage 
the respondent to continue to focus on the subject introduced in the 
first question, and ideally lead to a more considered and thorough 
response overall from the individual respondent. 


Figure 7-5. 
Science and the pace of life 


"Science makes our way of life change too fast." 
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Text table 7-3. 
Public assessments of scientific research 


‘Would you say that, on balance, the benefits of scien- 
tific research have outweighed the harmful results, or 
have the harmful results of scientific research been 


greater than its benefits?” 
1972 1974 1976 1979 1981 1985 1988 1990 


Percent 
70 74 68 76 72 


Benefits greater. 70 75 71 


Aboutequay.... 13 14 15 13 11 4 5 7 
Harmsgreater... 8 5 7 11 #14 19 12 13 
Don't know/ 

no answer ... 9 6 7 6 1 8 7 8 


N =2,209 2,074 2,108 1,635 1,536 2,005 1,042 2,033 


NOTE: Percentages may not total 100 because of rounding. 
‘1972-76 wording: “Do you feel that science and technology have 
changed life for the better or for the worse?” 


?Volunteered by the respondent. 

SOURCES: National Science Board, Science indicators - 1972 (Wash- 
ington, DC: GPO, 1973); Science indicators - 1974 (Washington, DC: 
GPO, 1975); Science indicators - 1976 (Washington, DC: GPO, 1977); 
J.D. Miller, Public Attitudes Towed Science and Technology, 
1979-1990, integrated Codebo.x (Chicago: International Center for the 
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attitudes toward scientific research, by about 10 percent- 
age points. Strongly positive evaluations of scientific 
research also increase sharply with increasing levels of 
education: college graduates are two to three times more 
likely to view the benefits of scientific research as 
“strongly beneficial” than are people without a high 
school diploma. 

The survey also explores people's perceptions of scien- 
tists by asking respondents to agree or disagree that 
“Most scientists want to work on things that will make 
life better for the average person.” In the 1985, 1988, and 
1990 surveys, 80 percent of the respondents agreed with 
this statement, indicating a strong trust in the individual 
practicing scientist in the United States.’ (See appendix 
table 7-7.) 

Another long-term measure of public perceptions of 
science comes from the General Social Survey (GSS) of 
the National Opinion Research Center (NORC) at the 
University of Chicago. The survey asks: “As far as the 
people running these institutions are concerned, would 
you say you have a great deal of confidence, only some 
confidence, or hardly any confidence at all in them?” 
Since 1973, between 36 and 45 percent of the respon- 
dents have expressed a “great deal” of confidence in the 


~ ved Qetontine Ul “Cha or ae onal people running science. (See figure 7-7.) The ratings for 
1991): and unpublished tabulations. 
See appendix table 7-8. Science & Engineering indicators - 1991 
“Sharply contrasting results from some European countries on a 
similar question are presented in “Attitudes Toward S & TO pp. 184-86 
Figure 7-6 
Assessments of scientific research 
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NOTE: Survey not conducted in 1979 or 1981, and question not asked in 1985. 
‘The eight institutions are medicine, the scientific community, U.S. Supreme Court, the military, education, major companies. organized religion, 


and the press. 


See appendix table 7-9. 


science have usually been second only to medicine, and 
contrast with generally downward evaluations of people 
running educational and political institutions, religion, 
and the press. (See appendix table 7-9.) 


The Federal Role in Science. |n 1985, 1988, and 
1990, the Indicators survey asked respondents about 
their attitudes toward Federal funding of scientific 
research even if it has no apparent, immediate benefits. 
(“Even if it brings no immediate benefits, scientific 
research which advances the frontiers of knowledge is 
necessary and should be supported by the Federal 
Government.”) About four-fifths c) . e adult population 
agreed with this statement ‘all thre. surveys, and 15 to 
16 percent disagreed. (See figure O-24 in Overview.) 
These responses » .ggest 4 strong public support for 
Federal funding of basic research.*' 


Assessments of Three Technology Programs. 
The U.S. public is ss optimistic when assessing the 
costs anc benefits (or risi.. ind benefits) of technologi- 
cal programs thaa of scie. tific research generally. 

Between 1985 and 1996, assc<sments of the risks and 
benefits of g netic engineering research changed hardly 
at all. In both 1985 and 1990, over 45 percent of respon- 


For data on ederal funding of basic and other research, sce chap 
ter 4, “Federal Support for RAD.” pp. 95-102 
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dents stated that the benefits of genetic engineering 
research either substantially exceed or slightly exceed 
the potential risks. Relatively large proportions overall 
refused to answer or responded “don't know,” suggest- 
ing that public attitudes toward such research and devel- 
opment (R&D) have not stabilized. (See appendix table 
7-10.) In this question, the use of the phrase “creation of 
new life forms through genetic engineering research” 
may influence response patterns in a negative direc 
tion.’ Men and people with college degrees are some 
what more positive about the benefits of genetic engi 
neering research programs. 

Patterns of public attitudes toward the “use of nuclear 
reactors to generate electricity” show greater entrench 
ment of attitudes ou both positive and negative extremes 
than genetic engineering. (See figure 7-8.) Larger pro- 
portions of both the total public and people at all educa- 
tion levels judge the risks of nuclear power to be sub 
stantially greater than its benefits, and fewer people 
respond “don't know” or refuse to answer. Men are more 
likely to evaluate nuclear energy positively than women, 
and women are more likely to respond “don't know.” 
From 1985 to 1990, some reduction in negative assess 
ment may have occurred among college graduates, 


See OTA (1987) tor further findings on public attitudes toward 


hiotechnok mnths 
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Figure 7-8. ; ; 
of nuclear power and genetic engineering: 1990 
Nuclear power 
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See appendix tables 7-10 and 7-11 for exact question wordings 


though a quarter of these respondents still felt that the 
risks of nuclear power substantially exceed its benefits. 

Assessments of space exploration are changing—and 
in a negative direction. Between 1985 and 1990, the pro- 
portion reporting “berefits exceed costs” fell from 53 
percent to 42 percent, and the proportion more con- 
cerned with costs outweighing benefits grew from 38 to 
17 percent. (See figure 7-9.) These changes were report- 
ed by both men and women (though men overall were 
more positive) and by all education levels. The propor- 
tion of college graduates perceiving substantially greater 
costs than benefits in space exploration grew from 17 to 
24 percent. (See appendix table 7-12.) 

Another dimension of declining positive attitudes 
toward space exploration can be seen in the changing 
extremes of positive versus negative assessments 
Respondesits were asked if they felt that the benefits 
lrisks]| slightivy or substantially exceed risks |benetits|. In 
the case of space exploration, the extreme assessments 
favoring benefits fell by 9 percentage points, and assess 
ments of substantially excess costs grew by 7 percentage 
points between 1985 and 1990 


Compare thes with publ preferences tor spending on several pro 


vranis, see “Spending Preferences.” po DS 
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These changing assessments of the space program pro- 
vide an opportunity to stress the different patterns of atti- 
tudes between the attentive publics and the general 
public. Over two-thirds of the attentive public for space 
exploration—a highly educated group of respondents— 
continued to feel in 1990 that the benefits of space explo- 
ration exceed its costs, compared with 1 percent of the 
general adult population. (See appendix table . 12) While 
m 1990 fewer of the attentive public tor space exploration 
considered the benefits of the program to be “substan 
tially” vreater than its costs than was the case in TUS, rela 
tively more considered the benefits to be “slightly” Greater 

Several interpretations of this decline in positive: att 
tudes toward the space program are possible. Milles 
(191b) stresses the different patterns for this indicator 
flor the general public and the attentive public for space 
exploration, stating that the attentive public is able “to 
place short-term advances and setbacks in a broader 
context.” He points out that there are no active anti 
space groups, as is the case with nuclear reactors, and 
believes that space exploration, while highly visible, has 
relatively low political saliency to citizens not attentive to 
space exploration 

Another interpretation of these changing attitudes 
night hold that the Challenger accidemt (which occurred 


Figure 7-9 
Assessments of space exploration 
Costs exceed benctfits ... Benefits exceed costs... 
Substantially My prety }t Ad tially 
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just a few months after collection of the 1985 data report- 
ed here)” the long-grounded and troubled shuttle fleet, 
the current debates about the custs of the space station, 
and the debate about the benefits of unmanned versus 
inanned spaceflights, have combined to increase public 
consciousness of the human and financial costs of the 
space program and what might be achieved if the 
resources were put to other uses. 

In any case, the changes in these indicators of public 
support for space exploration stand out among the indi- 
cators discussed in this chapter. Public attitudes toward 
S&T in the United States have been notably stable over 
the past decade, and changes in attitude of this magni- 
tude and consistency toward a large, publicly funded, 
technological program warrant continued attention and 
interpretation. 


Public Attitudes Toward Education 


Recent increased attention in the United States to the 
quality and amount of education, especially education in 
science and mathematics, is reflected in public attitudi- 
nal data.-- The following indicators of three themes in 
public attitudes toward education are presented below: 


e The links people make between education and 
achieving other national goals; 


e Public concerns about and assessments of the qual- 
ity of education in the United States; and 


e Public spending preferences for a number of nation- 
al objectives, including education. 


“See NSB (1987) for a discussion of the effects of the Challenger 
accident on attitudes. 

“Measures of student performance are reported in chapter 1, 
“Students: Achievement, Interest, and Coursework,” pp. 16-27; reform 
movements are covered in chapter 1, “The Policy Context,” pp. 34-40. 
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The Role of Education. |he American public sees a 
clear link between education and other national goal. In 
1990. a representative sample of the adult U.S. popula- 
tion was asked to assess the impact of an increase in the 
number of collegc-cducated Americans on three general 
areas: solving social problems; competing in internation- 
al trade; and advancing science, medicine, and technolo- 
gy. Seventy-five percent stated that if more Americans 
were to complete college, a “big improvement” would 
result in advancements in science, medicine, and tech- 
nology. (See figure 7-10.) Fifty-five to sixty percent felt 
that big improvements would result in solving social 
problems such as crime, drugs, and homelessness, and 
in the U.S. ability to compete economically with the rest 
of the world. Respondents were more pessimistic about 
solving social problems than about achieving advances 
in international trade and in S&T. 

In another national poll taken in 1989, respondents 
were given a list of choices in answering the question, 
“Which is the best policy for improving productivity in 
the United States?” Given the choices of investing in new 
plants and equipment, veducing government regulation 
of business, increasing R&D expenditures, and improv- 
ing education and job training, 54 percent felt that 
improved education and job training would be the best 
policy (Times Mirror 1989). (See figure 7-11.) Only 10 
percent felt that increasing R&D expenditures would be 
the best policy for improving productivity. 


Concerns About Education. Since 1985, the per- 
centage of U.S. adults who agree that the “quality of sci- 
ence and mathematics education in American schools is 
inadequate” has risen from 63 to 72 percent. (See figure 
Q-25 in Overview.) The adult public also thinks that the 
quantity of science and mathematics education should 
be increased. Nearly 90 percent agree that “every U.S. 
high school student should be required to take a mathe- 


"If more Americans were able to get a college education, do you think there 
would be a big improvement, some improvement, or little improvement toward .. .” 


NOTE: N = 1,014. 


Little improvement 
Some improveme 


nt 


Percent 


SOURCE: Council for Advancement and Support of Education, Attitudes About American Colleges 1990 (Washington, DC, 1990), p. 21. 
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Figure 7-11. 
Proposals for improving U.S. productivity: 1989 


"Which is the best policy for improving 
productivity in the United States?" 


Improve education/job training — 
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None/don't 
know — 8% 
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invest in new 
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equipment — 14% 


NOTE: N = 2,048. 


SOURCE: Times Mirror Center for the People and the Press, “The 
People, Press, and Politics,” data diskette (Washington, DC, 1989). 
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matics course each year,” and about 73 percent agree 
that high school students should take a science course 
every year. 

The Gallup Organization and the Times Mirror Center 
for the People and the Press have been tracking 
American concern over educational and other issues. In 
1988, 89 percent of the adult public stated that they were 
concerned about “a decline in the quality of education” 
in the United States, and 53 percent were “very” con- 
cerned about such a decline (Times Mirror 1989). (See 
text table 7-4.) Further, 75 percent were concerned 
about “the loss of U.S. leadership in science and technol- 
ogy”; overall, 33 percent were “very” concerned. 

In 1989, on a similar set of questions, Americans were 
asked to assess whether the United States “is very 
strong, strong, weak, or very weak compared to other 
countries” in a number of areas. Fewer than half felt that 
the United States is either very strong or strong in “our 
system of public education,” and half felt that the United 
States is weak or very weak compared to other countries 
in educating its citizens. (See figure 7-12.) For contrast- 
ing measures, respondents on this survey were asked to 
compare the United States with other countries on “tech- 
nical and engineering innovation” and “scientific 
research.” Sixty-nine percent rated the United States as 
strong or very strong on innovation, and 79 percent 
assessed U.S. scientific research as strong or very strong 
in comparison with other countries.” 


Spending Preferences. Americans say they are will- 
ing to spend more for education. Since 1973, the General 


“However, contrast these findings with similar questions comparing 
specific countries; see “Perception of International Standing in S&T,” 
pps. 189-90. 
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Social Survey has been asking people if they think “we're 
spending too much money, too little money, or about the 
right amount” on various national problems. Through 
1977, about half the public felt that not enough money 
was being spent on education. (See figure 7-13 and fig- 
ure QO-25 in Overview.) By 1985, that percentage had 
risen to 60 percent; it then climbed sharply to over 71 
percent in 1990. Percentages responding “about right” 
and “too much” both fell throughout the decade (NORC 
annual series). 

Education is a problem area in which Americans have 
felt too littke money is being invested; other such areas 
are “improving and protecting the Nation’s health” and 
“improving and protecting the environment.” By 1990, 
over 70 percent of Americans felt too litthe was being 
spent on these three problem areas. In contrast, around 
10 percent thought too littke was being spent on the 
space exploration program. * 


Second Thoughts About S&T 


Americans are not always oriented positively toward 
science. To probe these dimensions of U.S. attitudes 
toward S&T, several questions have been asked over 
the years to elicit respondents’ attitudes when conflict 
occurs between science and other values. These ques- 
tions are discussed in the following paragraphs, along 
with public confidence in new technologies. 


Science and Values. In 1957, 50 percent of U.S. 
adults agreed that “We depend too much on science 
and not enough on faith.” (See appendix table 7-7.) In 
1990, that proportion did not change. Further, in 1990, 


“Compare these responses with the cost/benefit assessments of the 
U.S. space exploration program noted in “Assessments of Three 
Technology Programs,” pp. 177-79. For an interpretation of the remark- 
able 1980 deviation in preferences on military spending, see footnote 20. 


Text table 7-4. 
Public concern about U.S. science, technology, and 
education: 1988 


“| am going to read you a list of potential problems facing the 
United States. For each one, please tell me how concerned 
you are that it will happen.” 

Degree of concern 


Some- Not Not Don't 
Very what too atall know 


Percent 


The loss of U.S. leadership 
in science and technology... 33 42 18 3 5 


A decline in the quality of 
education inthe U.S. ...... 53 36 8 2 2 


NOTES: N = 3,021. Percentages may not total 100 because of rounding. 


SOURCE: Times Mirror Center for the People and the Press, “The 
People, Press, and Politics,” data diskette (Washington, DC, 1989). 
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Figure 7-12. 


U.S. strength in education, innovation, and science: 1989 
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“Would you say today that the United States is very strong. strong. 
weak, or very weak compared to other countries in the following areas?” 


Our system of public education 


Technical and engineering innovation 


Scientific research 


Weak Very Dont 
weak know 
L i . 4 i | i H i j 1 | \ _i i l J 
0 10 20 30 40 60 70 80 90 100 


Percent 


SOURCE: Times Mirror Center for the People and the Press, “The People. Press, and Politics,” data diskette (Washington, DC, 1989) 


See appendix table 7-13. 


about a third of the respondents agreed with the relat- 
ed proposition that “One of the bad effects of science is 
that it breaks down people's ideas of right and wrong”: 
this percentage has changed little over the past 
decade. About 60 percent disagreed, however, that sci- 
ence breaks down ideas of right and wrong. Rejection 
of scientific explanations for natural phenomena sug- 
gests an undercurrent of fundamental adherence to 
religious and other explanations, even if most adults 
highly value science and think it has improved their 
daily lives. 


Use of Animals in Research. Over the past 5 
years, attitudes toward the use of animals in research 
have changed in the United States. Between 1985 and 
1990, the percentage of respondents feeling that 
research causing pain or injury to animals is justified if 
such research results in new knowledge about human 
health has fallen, dropping from 63 percent to 50 per- 
cent.’ (See figure 7-14.) Over the same period, the 
numbe. of Americans who reject such use of animals 
has grown from 30 to 44 percent. 

Support for anti-vivisectionist positions has grown in the 
U.S. population, but it has not yet reached the level found 
in other countries. In Britain, a 1988 survey found that only 
36 percent agreed that research causing pain or injury to 
animals is justified if it results in new knowledge about 
human health (NSB 1989). In Canada in 1990, only 44 per- 
cent agreed with the same statement (Einsiedel 1990). 


Expectations for New Technologies. Optimism 
about the development of technology “to counteract any 


‘The Indicators question is designed to stress the payoffs for human 
health of such use of animals. The question is also purposefully 
provocative by using “dogs” and “chimpanzees”—rather than mice—in 
order to elicit attitudes toward use of these larger mammials. 
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Figure 7-13. 
Preferences for national spending 
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harmful consequences of technological development” 
has declined since 1985. (See figure 7-15.) In that vear, 
47 percent agreed that new inventions would always be 
found to counteract technological damage; by 1990 that 
percentage had dropped to 37 percent. The proportion of 
respondents who disagreed with the proposition grew 
from 45 to 56 percent. 

Americans have been inundated with news of disas- 
ters like the Valdez oil spill, the Challenger accident, the 
Chernobyl explosion, and other problems. The 
decreased optimism about the availability of technologi- 
cal fixes for these problems may reflect growing doubt 
about the tractability of much of this damage. 


International Comparisons of Attitudes 
Toward S&T 


As countries have increasingly measured and 
assessed their national efforts in S&T over the past 
decade, they have also demonstrated a growing interest 
in national public attitudes toward S&T—and the compa- 
rability of these attitudes.’ Occasional, internationally 


The recent growth in the number of researchers conducting sur- 
veys of attitudes toward S&T, and of governments and other bodies 
sponsoring such surveys, led to the formation in 1990 of the 
International Council for the Study of Public Attitudes Toward S&T. 
The Council meets once a year to coordinate survey plans and discuss 
technical and other questions involving comparability of the data. The 
Council's next meeting will be in 1992 in Tsukuba, Japan. 


Figure 7-14. 
Research with animals 


"Scientists should be allowed to do research that causes 
pain and injury to animals like dogs and chimpanzees if it 
produces new information about human health problems." 
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Figure 7-15. 
Trust in technology 


“New inventions will always be found to counteract any 
harmful consequences of technological development 
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See appendix table 7-7. Science & Engineering indicators — 1991 


comparative survey work has been reported in /udicators 
from as early as 1980. By the end of the decade, the gov- 
ernments of Great Britain, France, and Japan were all 
sponsoring national attitudes surveys, usually with some 
coordination on questions and themes with the U.S. 
Indicators series. National surveys of the adult publics in 
Canada in 1989 and Japan in 1990 featured extensive 
coordination with U.S. researchers, thus adding valuable 
data to this growing body of comparative research 
(Einsiedel 1990 and Office of the Prime Minister of 
Japan 1991). 

In 1989, the European Community (EC), through the 
Eurobarometer program of the Commission of the 
European Communities, sponsored an EC-wide survey 
of public attitudes toward and knowledge of S&T (CEC 
1989).*' In one stroke, the number of countries with 
comparable data on some of the traditional /ndicators 
measures increased from 4 to 15. (See “Availability of 
Data,” p. 183.) The following comparisons are based on 
the EC survey of 12 nations of Europe (1989) and sur- 
veys in Japan (1990), Canada (1989), and the United 
States (1990). 


NSB (1989) reported some early data from this EC survey, but 
none at the national level. 

“Comparing survey results from this many countries is not unprob- 
lematic, despite the coordinative efforts made and the attention given 
to technical comparability of survey operations. The indicators dis- 
cussed in this section should be interpreted cautiously both because 
of the normal measurement errors encountered in any public survey 
as well as the following considerations: 
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Availability of Data 


The following paragraphs provide information for 
potential users of the large data sets discussed in this 
chapter. 


Canada: The telephone survey of 2,000 Canadians 
was performed by Decima Research of Toronto under 
the direction of Edna Einsiedel, University of Calgary, 
in November and December 1989. The survey per- 
formers telephoned adult Canadians at random, strati- 
fied according to the population in each province. 

Data diskettes containing the Canadian survey 
results can be obtained from Professor Einsiedel. 
Graduate Program in Communication Studies, Uni- 
versity of Calgary. Other details on survey methodology 
and results as well as the questionnaire are in 
Einsiedel (1990); further analyses of the data are pre- 
sented in Einsiedel (1991). 


European Community: The 12-nation survey for 
the Eurobarometer program of the EC was coordinated 
by Faits et Opinions in Paris and conducted by affiliated 
survey groups in each country in March 1989 (CEC 
1989). The data are stored at the Belgian Archives for 
the Social Sciences (1 Place Montesquieu, B-1348 
Louvain-La-Neuve). The in-person interviews were con- 
ducted with adults 15 years of age or older using a vari- 
ety of sampling methodologies in the different coun- 
tries. See also Bauer, Durant, and Evans (1991) and 
Durant et al. (1991) for analyses using these data. 

This chapter reports data from the EC-sponsored sur- 
vey for the 12 member countries and for the Community 
as a whole (reported as “Europe”). Country-level data are 


January 1990 by Shin Joho Center of Tokyo for the 


weighted to the population profile of the individual coun- 
try, and data for Europe are separately weighted to the 
total of the Community member nations. 


Japan: The Japanese survey was conducted in 


Office of the Prime Minister of Japan. Using a two- 
stage stratified probability sample, the survey per- 
formers conducted in-person interviews with 2,259 
adults 18 years or older. 

Further details on survey methodology and exten- 
sive data tables are presented in Office of the Prime 
Minister (1991). As of this writing the data diskettes 
have not been made available. 


United States: Tabulations from the 1979, 1981, 
1983, 1985, 1988, and 1990 surveys are reported in 
Miller (1991a), and the data diskettes with complete 
documentation for these surveys are available from 
the International Center for the Advancement of 
Scientific Literacy, Chicago Academy of Sciences, 
2001 N. Clark Street, Chicago, IL, 60614 (telephone: 
312-549-0607). A codebook incorporating the results 
from 1979 through 1990 is also available at a nominal 
charge from the center. 

The 1985 survey data set includes two additional 
interview cycles, one each following the Challenger 
and Chernobyl accidents. Data from before 1979 are 
reported in NSB (1973, 1975, and 1977). 

See Miller (1987) and Miller, Prewitt, and Pearson 
(1980) for discussions of question design and survey 
methodology; see Miller (1991b) for further analyses. 


Because of technical and other uncertainties in the 
indicators that follow, this section adopts a somewhat 
more cautious tone than the preceding section. Broad 
patterns are emphasized rather than absolute differences 
on indicators, except where these differences are notably 
large or intriguing. The discussion reports measures for 
total national populations only and does not provide 
cross-cuts for otherwise interesting subpopulations. 


© Language—even basic terms like “science” and “technology” may 
have different cultural connotations and thus lead to apparent, but not 
necessarily real, differences in survey results 

© Public polling practices—ditlerences among countries in the state 
of the art of their polling practices may influence the technical quality 
and comparability ot the data 

© Propensity to participate in polls—ditterent national propensities to 
participate in public polls, or to respond openly and honestly when 
polled, may affect the survey results 

© Survey instruments—measurement differences surely resulted 
from the use of different national survey instruments. Differences in 
question order and questionnaire content can affect survey results, but 
the extent of this effect is unknown. 

© Survey timing—lor comparison purposes, the surveys ideally 
should have been conducted simultaneously. The effect of the differ 
ence in timing is unknown. 


Despite these caveats, the following indicators of pub- 
lic attitudes toward S&T add an important new dimen- 
sion to understanding the different postures of national 
populations toward S&T. Even these broadstroke com- 
parisons reveal striking differences—and inyportant simi 
larities—among Japan and the countries of North 
America and Western Europe. 

This section opens with comparisons of national 
response rates on a set of questions designed to indicate 
general public attitudes toward S&T. Country-level 
responses are then compared on the degree of interest 
in, and knowledge about, issues concerning S&T. Next, 
ina discussion of the distribution of scientific knowledge 
among the adult populations of these countrics, two indi- 
cators of knowledge about science are introduced. One 
deals with the extent to which the public describes astrol 
ogy as “scientific”; the other is a set of simple true/false 
questions on elementary knowledge of S&T. 

The section concludes with a comparison of how the 
adults of these different countries assess the relative 
standings of the United States, Europe, and Japan in sci- 
entific achievement and in technological innovation. The 
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Figure 7-16. 
international comparisons of public attitudes toward science and technology 
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See appendix tables 7-7 and 7-15. 


widely diverging response patterns show the different 
ways national populations view their country’s relative 
position in research and technological development; 
these patterns complement several of the indicators 
reported in chapter 6. 


Attitudes Toward S&T 


The United States, Canada, and Europe. Six com- 
mon questions are available to compare the attitudes 
toward S&T of adults in 12 European couniries and the 
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United States. Canadian measures are available for five 
of these.” (See figure 7-16.) 

Respondents in the United States and Canada gave 
similar responses to several questions. For instance, a 
majority of adults in both countries agreed that “Science 
and technology are making our lives healthier, easier, 


The survey questionnaire of the European Community gave 
respondents a choice of “neither agree nor disagree”; the Canadian 
and U.S. questionnaires did not. The effect of this difference in 
response choices is not known. Only the totaled responses for “agree” 
and “agree strongly” are reported here. 
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and more comfortable,”” and most often disagreed that 
“It is not important for me to know about science in my 
daily life.” Respondents in these two countries also most 
often disagreed that “Science makes our way of life 
change too fast.” 

The response patterns of the United States and Canada 
on these and other items suggest that the populations of 
the two countries are largely similar in their general atti- 
tudes toward S&T. They agreed in similar proportions— 
and were more optimistic compared to the European 
nations—that “On balance, computers and factory auto- 
mation will create more jobs than they will eliminate.” 

However, a higher percentage of the U.S. respondents 
than of the Canadian felt that “We depend too much on 
science and not enough on faith.” The United States has 
traditionally registered relatively large percentages that 
agree with this proposition. Comparing the U.S. response 
on this item to that of other countries shows that the 
United States ranks just below Spain, Italy, and Greece 
and just above Luxembourg in its agreement. These four 
European countries all register above the EC’s average 
agreement with this statement. (See appendix table 7-7 
for the U.S. time trend on this question.) 

Another question measured approval by the adult popu- 
lation of governmental support of scientific research “even 
if it brings no immediate benefits.” The U.S. respondents 
were generally in high agreement with this proposition, 
but France and Great Britain regisiered even higher lev- 
els of agreement. The French, in fact, approached una- 
nimity (over 90-percent agreement) for a strong govern- 
mental role in the support of basic research. In very sharp 
contrast were the response rates of West Germany: barely 
a majority agreed with the statement. These very different 


*See below for a comparison of the United States and Japan on this 
question. 

“The U.S. question asked about support by the Federal Gov- 
ernment, while the European questions referred only to “government.” 
The Canadian survey did not include this question. 


Figure 7-17. 
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response patterns of two large and scientifically influential 
European countries are not easy to explain.” 

The Netherlands also had anomalous response pat- 
terns on several of these questions (Second Chamber 
1990). Although registering rather high approval of gov- 
ernmental funding of research, well over a majority of 
the adults in Holland agreed that science makes life 
change too fast. Moreover, nearly half of the Dutch 
aduits disagreed that the benefits of science are greater 
than any harmful effects, with a full 26 percent “strongly” 
disagreeing.” 

The Netherlands public also seemed unwilling to 
leave decisions to scientists; well over half disagreed 
with the statement that “Scientists can be trusted to 
make the right decisions.”" Majorities in Denmark and 
Great Britain also disagreed with this statement. 
Responses to this question varied considerably across 
Europe, suggesting fundamentally different degrees of 
trust in scientists’ decisionmaking. 


The United States and Japan. The 1990 U.S. and 
Japanese surveys each gauged agreement with the 
proposition that “Science and technology are making our 
lives healthier, easier, and more comfortable.” Figure 
7-17 compares the national totals of the two countries on 
this indicator. While similar percentages strongly agreed 
with the proposition, Japanese adults were far more like- 
ly to disagree, to disagree strongly, or to answer “don't 


“See K&D expenditure patterns for these countries in chapter 4, 
“International Comparisons,” pp. 107-10. 

“This question and others not asked in the U.S. survey are reported 
in appendix table 7-15. 

Similar results from an earlier survey were reported for The 
Netherlands. In response to the question “In the long run, do you think 
the scientific advances we're making will help or harm mankind?,” 36 
percent responded “will harm,” 22 percent “will help,” and 34 percent 
“both” (NSB 1987, pp. 18 and 332). 

“For a related question in the 1990 U.S. survey, 80 percent of U.S. 
adults agreed that “Most scientists want to work on things that will 
make life better for the average person.” See appendix table 7-7. 


Japanese and U.S. assessments of science and technology 


"Science and technology are making our lives healthier, easier, and more comfortable." 
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know.” Overall, about 85 percent of the U.S. respondents 
acknowledged the beneficial effects of S&T on their 
daily lives compared to about 55 percent of the Japanese. 
Fewer than half of the Japanese respondents agreed, in 
answer to a question not raised in the U.S. survey, that 
S&T has had a positive impact in Japan on working con- 
ditions. (See appendix table 7-16.) 

On two other questions not asked of the U.S. respon- 
dents, however, the Japanese displayed attitudes toward 
S&T that were both more positive and more mixed. When 
asked whether S&T has “improved, worsened, or not 
changed” the standard of living, three-fourths agreed that 
the standard of living has been improved. A related ques- 
tion asked: “Science and technology have both positive 
and negative effects. Which do you think has been 
greater—the positive effects or the negative effects?” Fifty- 
three percent of the Japanese responded that positive 
effects have been greater, 31 percent responded “about the 
same,” and 7 percent favored the negative assessment. 

About 38 percent of the Japanese respondents felt that 
S&T has “worsened” morality. Thirty-five percent felt 
there was no change, and about one-fifth declined to 
answer the question. On a related question asked in the 
United States, about one-third of adults agreed that “One 
of the bad effects of science is that it breaks down peo- 
ple’s ideas of right and wrong.” (See appendix table 7-7.) 

In sum, on these sets of comparisons, U.S. and 
Japanese responses were not dissimilar. In the United 
States, somewhat larger majorities overall expressed 
positive attitudes toward S&T and its impact on daily life, 
but on several questions with different wordings the 
Japanese were alsc strongly positive. About a third of the 
adults in each country indicated a concern with the 
effects of science on moral issues. 


Attention to Issues in S&T 


The adult publics of the countries of Western Europe 
and of Canada and the United States appear to have dif- 
ferent patterns of interest in and knowledge about issues 
involving S&T." 

For all the countries surveyed, by far the greatest 
degree of interest was in new medical discoveries. Four 
countries dominated in this degree of interest: the 
United States, France, Canada, and The Netherlands. 
(See figure 7-18.) Adults in these countries (and in Italy) 
also ranked high on the percentages very interested in 
science and new inventions and technology. Of all the 
countries, French respondents claimed most often to be 
very interested in scientific discoveries and in inventions 
and technology. 

The adult populations of the United States and Canada 
reported similar rates of being “very interested” in new 
scientific discoveries, new inventions and technologies, 
and new medical discoveries. Their rates were generally 
higher than in Western Europe. (See appendix table 


‘'No measure of attentiveness is developed here for Canada, Europe, 
or Japan. However, see Einsiedel (1990) on Canadian attentiveness 
and Durant et al. (1991) on European. 
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Figure 7-18. 
interest in and knowledge about 
new medical discoveries 
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7-17.) U.S. and Canadian respondents also reported simi- 
lar degrees of feeling “very well-informed” about these 
sets of issues. The similar responses of Canadian and 
U.S. adults on these questions indicate the close cultural 
ties between the two countries. 

Respondents in Greece, Spain, and Portugal consis- 
tently reported lower rates of being “very interested” in 
or “very well-informed” about any of the three sets of 
issues. (The adult publics in these three countries also 
ranked lowest on knowledge of basic scientific ideas; see 
“Knowledge of Scientific Conclusions,” pp. 187-89.) 

Two interesting results among the European nations 
were the low self-reports of interest and knowledge by 
adults in Denmark and West Germany for all three of the 
areas. The Danes have traditionally scored high on inter- 
national tests of science and mathematics ability, and they 
outranked adults in all other nations on the knowledge 
questions discussed below (see pp. 187-89). In West 
Germany adults reported being very interested and very 
well-informed at rates 50 percent or lower than in other 
European countries. Reasons for these differences are not 
immediately clear. Both of these countries have signifi- 
cant R&D budgets and both have high levels of education. 


is Astrology Scientific? 


To ascertain the public’s degree of belief in pseudo- 
science, the U.S. Indicators series has tracked the extent 
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Figure 7-19. 
Perceptions of astrology 


Percentage considering astrology “not at all scientific” 
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See appendix table 7-18. 


to which respondents feel that astrology is scientific. 
Astrology and science might appear, to the uninitiated, 
to use similar arcana: jargon, symbols, and astronomical 
bodies as reference points. 

Rejection or acceptance of astrology as a science may 
be considered an indicator of the understanding of the 
scientific method and of the nature of scientific knowl- 
edge. Rejection of astrology as scientific may be 
interpreted as an indicator of scientific understanding." 

Majorities of respondents in several European coun- 
tries accepted astrology as either “very” or “sort of” sci- 
entific, whereas about 60 percent of U.S. respondents 
rejected astrology as “not at all scientific.” (See figure 
7-19 and appendix table 7-18.) In no country in Europe 
did more than 40 percent of the respondents state that 
astrology is not scientific. Education level seems sur- 
prisingly unrelated to rejection of astrology. In Den- 
mark, for example, some 60 percent of the adult popula- 
tion thought astrology is very or sort of scientific; simi- 
lar findings were reported for other countries with high 
education levels. 


“Interpretation of this indicator is problematic. For example, in the 
United States, relatively large percentages of otherwise educated 
respondents report that they sometimes read ther horoscopes. Far 
fewer, however, report that they base their actions on what their horo- 
scopes say (NSB 1989). 

In an analysis of French data not shown here, Boy (1991) points out 
that in France belief in different practices of the parasciences differs 
according to education level. For example, relatively more French 
adults with higher educational levels believe in telepathy. In contrast, 
belief in astrology is inversely related to education level. Boy (p. 5) 
goes on to note: “An analysis of the correlations shows that, as a rule, 
irrational beliefs scarcely affect support for science.” 
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“Don't know” responses were high for this question in 
most European countries (but not in France, Great 
Britain, and Luxembourg). In several countries, 20 to 25 
percent claimed not to know the answer to the question. 


Knowledge of Scientific Conclusions 


The Canadian, European, Japanese, and U.S. surveys 
each contained several questions designed to measure 
knowledge of various basic scientific concepts and facts. 
These questions can be used to compare (1) total nation- 
al average accurate responses and (2) distributions with- 
in the national populations of accurate responses. 


The United States and Canada. On 11 questions 
available to compare scientific knowledge of the Cana- 
dian and U.S. populations, the mean number of correct 
responses was slightly higher in Canada—7.3 versus 
7.0 in the United States. (See appendix table 7-19.) The 
two countries exhibited very similar response patterns 
on all but one question: the theory of evolution. U.S. 
respondents answered this question correctly only 45 
percent of the time, versus 58 percent in Canada. The 
distributions of correct responses on these 11 ques- 
tions were strikingly similar for the two populations. 
(See figure 7-20.) 


The United States and Europe.’ \en questions 
were available to compare the 12 members of the 


This discussion borrows heavily from Bauer, Durant, and Evans 
(1991). In their analysis of only the European data, and using a slightly 
expanded question set, the authors discuss relationships among atti- 
tudes, knowledge, and other socioeconomic variables. 


Figure 7-20. 
U.S. and Canadian knowledge of science 


and technology 
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European Community with the United States on a scale 
of scientific knowledge. (See appendix table 7-20.) The 
average (mean) national rankings of these countries on 
these 10 questions are shown in figure 7-21. Denmark 
ranked highest and Portugal lowest, with a general ten- 
dency of increasing rank on this measure from south to 
north among European countries. 

The United States’s mean accurate response rate 
was virtually the same as that for the European 
Community overall. Response rates on individual ques- 
tions were also similar for the United States and the 
EC, except for rather lower knowledge in the United 
States of planetary motion and higher knowledge of 
continental drift. 

Patterns of scientific knowledge distribution are also 
of interest. Figure O-26 in the Overview shows that 
correct responses to these 10 questions were nearly 
identically—and fairly normally—distributed in the 
U.S. and EC populations. Within Europe, however, 
these distributions varied widely, with particularly 
uneven distributions in both countries with high levels 
of knowledge (e.g., Denmark and Britain) and those 
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with low levels (Spain, Greece, and Portugal)."' (See 
figure 7-21.) 


“Bauer, Durant, and Evans (1991) note that the Chronbach Alphas of 
Spain and Portugal are unusually high compared to the countries’ 
knowledge measures. (Alphas are measures of consistency in individu- 
al responses; they show the extent to which persons responding cor- 
rectly to one item also tended to respond correctly to ober items. The 
alphas shown in appendix table 7-20 are aii moderate to moderately 
high.) 

To explain this relationship, they propose (p. 7) that the tendency for 
respondents to give consistent answers may increase in Countries with 
sharp contrasts in educational attainment and that “in lower [knowl- 
edge} level countries the social structure seems to be more important 
for the distrisution of science than in higher level countries.” Figure 
7-21 shows a strong bimodal distribution in Portugal compared with 
Denmark. Such a distribution shows that some people have little scien- 
tific knowledge, while others have much more. A country with such a 
distribution may have a more elitist science education system. 


Figure 7-21. 
Distributions of scientific knowledge 
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Text table 7-5. 
U.S. and Japanese knowledge of science and technology 
Correct Don't know’ 
United United 
States Japan States Japan 
a  . 
1. “The center of the earth is very hot”... 2... 6 eee, 79 78 14 18 
2. “Lasers work by focusing sound waves.”......... ............ 37 14 37 45 
3. “Electrons are smaller than atoms.” ...................... - 41 37 35 48 
4. “Antibiotics kill viruses as well as bacteria” .................... 30 8 11 21 
5. “The universe began with a huge explosion.”................... 32 54 35 34 
6. “The continents on which we live have been moving their location 
for millions of years and will continue to move in the future.”........ 77 82 15 15 
7. “Human beings, as we know them today, developed from earlier 
8, er 45 79 14 11 


NOTE: Incorrect responses were omitted 


‘Response categories in the U.S. surveys were “true.” “false.” or “don't know.” In the Japanese survey, respondents were offered choices of “strongly agree.” 


“agree,” “disagree,” “strongly disagree,” or “don't know.” 


‘Japanese wording: “What do you think about the following statement? Human beings developed from earlier species of animals ” 


SOURCES: Office of the Prime Minister of Japan. Public Relations Office. Opinion Survey on Science, Technology. and Society T Welch. trans (Washington 
DC: Science Resources Studies Division, National Science Foundation, 1991); and J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990 
integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991) and unpublished 


tabulations. 


The United States and Japan. Seven common ques- 
tions concerning simple S&T concepts were asked on 
the 1990 U.S. and Japanese surveys. (See text table 7-5.) 
The responses of these culturally very different popula- 
tions displayed both strong similarities and striking dif- 
ferences: 


¢ On questions dealing with purely scientific conclu- 
sions, and on those that did not concern subjects on 
which U.S. respondents have traditionally held 
strong moral beliefs, the U.S. and Japanese 
response patterns were very similar. 


¢ On two Guestions dealing with lasers and antibiotics, 
the Japanese correct responses were much lower 
than American. 


¢On two questions involving topics about which 
Americans feel strongly—evolution and the origin 
of the universe—U.S. respondents answered incor- 
rectly more often than the Japanese by 20 to 30 per- 
centage points. 


Perception of International Standing in S&T 


The U.S., Japanese, and Western European popula- 
tions have different conceptions of their countries’ rela- 
tive international ranking in S&T capabilities.’’ The fol- 
lowing paragraphs describe these different assessments, 


‘Questions on this topic were not asked in the Canadian survey. 
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first in terms of basic scientific capabilities, then in terms 
of military capabilities. 


Basic Scientific Achievements. U.S. respondents 
were confident that the United States is ahead of Europe 
and the Soviet Union in basic scientific achievements. 
(See text table 7-6.) The percentages of adults placing the 
United States ahead of Europe and the Soviet Union in 
basic scientific achievements increased directly with edu- 
cational level. The attentive publics for S&T-related issues 
were also generally more positive in their assessments of 
U.S. standing in basic science. (See appendix table 7-21.) 

In sharp contrast, 50 percent of Americans believed 
that the United States is behind Japan in basic scientific 
achievements. This proportion is up considerably trom 
the 29 percent of Americans who held this belief in 1985 
(NSB 1987). Higher percentages of women and younger 
adults cited Japanese superiority in basic science. (See 
appendix table 7-21.) 

These results are surprising since Japan has, until 
recently, been engaged in relatively little basic research. 
It is possible that U.S. respondents confused “science” 
with “technology” in their answers. Two attentive 
publics—one for scientific discoveries and one for space 
exploration—both placed the United States behind Japan 
in basic science less often. As noted earlier, these 
publics were among the most highly educated of the 
attentive groups discussed in this chapter. (See text 
table 7-1.) 
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Text table 7-6. 
U.S. assessments of basic science and military 


technology 


Versus Versus the Versus 
Europe Soviet Union Japan 


Percent 
Basic science 
US.isahead....... 46 61 23 
U.S.isatsamelevel.. 36 28 25 
US.isbehind....... 14 7 50 
Military technology 
US.isahead....... 69 46 71 
U.S. is atsamelevel.. 26 42 18 
U.S. is behind....... 3 a 7 


NOTE: “Don't know” responses were omitted 


See appendix tables 7-21 and 7-23 
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The 46 percent of Americans who felt that the United 
States is ahead of Europe in basic science is matched by 
46 percent of Europeans who agreed with them. 
However, within the member countries of the EC, strong 
differences are evident on this indicator. (See appendix 
table 7-22.) Large majorities in Italy, Spain, Ireland, and 
Greece place Europe behind the United States; popula- 
tions in the other countries viewed Europe more favor- 
ably in the comparisons. In these assessments, it is pos- 
sible that the respondents were making reference to 
national rather than European standing.” On the other 


* Bauer, Durant, and Evans (1991, p. 9) make the same observation. 
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hand, each national group may view “Europe” from a 
unique national perspective. 

Europeans were less pessimistic about their standing 
in basic science vis-a-vis the Japanese than were Ameri- 
cans. In Europe, 41 percent felt that Europe is less ad- 
vanced than Japan. West Germans stood out among the 
European respondents: only 22 percent felt that Europe 
is less advanced than Japan in basic science, another 30 
percent felt the two countries were at the same level, and 
39 percent felt that Europe is more advanced than Japan 
in basic science. (See appendix table 7-22.) 

The Japanese, when asked a similar question in 1987, 
tended to disagree with the U.S. responses ano agree 
with the European responses (NSB 1987).' Only 20 per- 
cent felt that Japan was ahead of the United States in 
“basic scrence and technology,” but strong majorities 
placed Japan ahead of West Germany, Britain, and 
France in these achievements. 


Military Technologies. Pronounced changes have 
occurred in Americans’ assessments of the military tech- 
nology of the United States and the Soviet Union. In 
1985, 33 percent of U.S. respondents felt that the United 
States was ahead of the Soviet Union in military technol- 
ogy: 40 percent felt it was at the same level (NSB 1987). 
In 1990, those percentages had changed to 46 percent 
and 42 percent, respectively. (See text table 7-5.) Also in 
1990, even higher percentages of highly educated 
respondents and of the attentive publics for nuclear 
power, new technologies, and space exploration placed 
the United States ahead ef the Soviet Union in military 
technologies. (See appendix table 7-23.) 


The Japanese were asked about West Germany, Great Britain, and 
France, not about “Europe.” 
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7-16 Japanese public attitudes toward science and technology: 1990... ......0.0..0..0...0 0c cc cee ee ee eee 465 
7-17 __ Interest in and knowledge about science and technology issues .............0..0.0 00 eee eee eeeee 466 
7-18 Canadian, European, and U.S. perceptions of astrology.............0000.000 0c cc ce eee eee eee 467 
7-19 Canadian and U.S. knowledge of science and technology .................00000 cc eee ee eee eeee 468 
7-20 U.S. and European knowledge of science and technology..............0.0.00.00 cc eee eee cece cece 469 
7-21 ‘U.S. public assessments of U.S. international position in basic scientific achievements: 1990 ........... 470 
7-22 European assessments of international positions in science and technology: 1989 ................... 471 
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Appendix table 1-1. 
Student achievement scores in science, by age, gender, and race/ethnicity: 


1970-90 assessments 
Gender and race/ethnicity 1970 1973 1977 1982 1986 1990 
9-year-olds 
Total. ......2.220200... 224.9 220.3 219.9 220.9 224.3 228.7 
Male ................. 227.6 222.5 222.1 221.0 227.3 230.3 
Female ............... 222.7 218.4 217.7 220.7 221.3 227.1 
White........2220000... 235.9 231.1 229.6 229.1 231.9 237.5 
Black........2..0.002.. 178.7 176.5 174.9 187.1 196.2 196.4 
Hispanic.......... .... NA NA 191.9 189.0 199.4 206.2 
13-year-olds 
WN veka ap eae wk eons 254.9 249.5 247.4 250.2 251.4 255.2 
Male................. 256.8 251.7 251.1 255.7 256.1 258.5 
Female ............... 253.0 247.1 243.8 245.0 246.9 251.8 
White................. 263.4 258.6 256.1 257.3 259.2 264.1 
Black.......2.020202... 214.9 205.3 208.1 217.2 221.6 225.7 
Hispanic............... NA NA 213.4 225.5 226.1 231.6 
17-year-olds 
ee 304.8 295.8 289.6 283.3 288.5 290.4 
SD u6% wa awe a eee bs 313.8 304.3 297.1 291.9 294.9 295.6 
Female ............... 296.7 288.3 282.3 275.2 282.3 285.4 
White................. 311.8 303.9 297.7 293.2 297.5 300.9 
Black................. 257.8 250.4 240.3 234.8 252.8 253.0 
Hispanic............... NA NA 262.3 248.7 259.3 261.5 


NA = not available 


SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic Progress: 
Achievement of American Students in Science. 1970-90, Mathematics, 1973-90, Reading, 1971-90, and Writing, 1984- 
90,” review draft (Washington, DC: National Center for Education Statistics, August 1991). 


See figures 1-1, 1-2, and 1-3, and figure O-12 in Overview. Science & Engineering Indicators - 1991 
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Percentage of students achieving at or above science proficiency levels, by age: 1977-90 assessments 


Assessment years 


Level and description Age 1977 1982 1986 1990 
Percent 
150 — Knows everyday science facts. Students at this level know some general scientific Boies 94 95 96 97 
facts of the type that could be learned from everyday experiences. They can read simple 3. .... 99 100 100 100 
graphs, match the distinguishing characteristics of animais, and predict the operation of Ae 100 100 100 100 
familiar apparatus that work according to mechanical principles. 
200 — Understands simple scientific principles. Students at this level are developing 9... 68 71 72 76 
some understanding of simple scientific principles, particularly in the life sciences. For 13..... 86 90 92 92 
example, they exhibit some rudimentary knowledge of the structure and function of : re 97 96 97 97 
plants and animals. 
250 — Applies basic scientific information. Students at this level can interpret data from 9... 26 24 28 31 
simple tables and make inferences about the outcomes of experimental procedures. They aoe 49 51 53 57 
exhibit knowledge and understanding of the life sciences, including a familiarity with some ee 82 77 81 81 
aspects of animal behavior and of ecological relationships. These students also demonstrate 
some knowledge of basic information from the physical sciences. 
300 — Analyzes scientific procedures and data. Students at this level can evaluate the ee 3 2 3 3 
appropriateness of the design of an experiment. They have more detailed scientific knowl- ee a 54 11 10 9 11 
edge and the skill to apply their knowledge in interpreting information from text and graphs. Wi kees 42 37 41 43 
These students also exhibit a growing understanding of princ’ples from the physical sciences. 
350 — integrates specialized scientific information. “!v.\ents at this level can infer 9..... 0 0 0 0 
relationships and draw conclusions using detailed scientific «nowledge from the physical 13..... 1 0 0 0 
sciences, particularly chemistry. They also can apply bas. principles of genetics and Oe aa 45 a 7 8 9 


interpret the societal implications of research in this field. 


SOURCE: |.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic Progress: Achievement of American Students in Science, 1970 
90, Mathematics, 1973-90, Reading, 1971-90, and Writing, 1984-90,” review draft (Washington, DC: National Center for Education Statistics, August 1991) 


See text table 1-1. 
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Appendix table ‘-S. 
Percentage of students achieving at or above science proficiency levels, by age and 
race/ethnicity: 1977 and 1990 assessments 


Assessment years 


1977 1990 
Proficiency level and age § White Black Hispanic White Black Hispanic 
Percent 

Level 150 

Bieae eorew ee 98 72 35 99 88 94 
eee 100 93 94 100 99 99 
Se see. eee -. 100 99 100 100 99 100 
Level 200 

ee ew bos os 77 27 42 84 46 56 
ee 92 57 62 97 78 80 
) A 99 84 93 99 88 92 
Level 250 

Ds cm awanenu sce sees 31 4 9 38 9 12 
ee ee 57 15 18 67 24 30 
Ue nceepua ee evey vee s 88 41 62 90 51 60 
Level 300 

Die cernes cere 4 0 0 “ 0 0 
ee ee ee 13 1 2 14 2 

WW es-04e pevees 48 8 19 51 16 21 
Level 350 

Miseeeus es peavawes 0 0 0 0 0 0 
eee 1 0 0 1 0 0 
, PRET CR TEP OCTETS TTS 10 0 2 11 2 2 


NOTE: See appendix table 1-2 for a description of the proficiency levels 


SOURCE: |.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile. “Trends in Academic Progress 
Achievement of American Students in Science, 1970-90, Mathematics, 1973-90, Reading. 1971-90. and Writing, 1984- 
90.” review draft (Washington, DC: National Center for Education Statistics, August 1991) 
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Appendix table 1-4. 


Student achievement scores ir mathematics, by age, gender, and race/ethnicity: 
1973-90 assessments 
Gender and race/ethnicity 1973 1978 1982 1986 1990 
9-year-olds 
ee 219.1 218.6 219.0 221.7 229.6 
Male... ................. 217.7 217.4 217.1 221.7 229.1 
Female ................. 220.4 219.9 220.8 221.7 230.2 
White................... 224.9 224.1 224.0 226.9 235.2 
Black................... 190.0 192.4 194.9 201.6 208.4 
Hispanic................. 202.1 202.9 204.0 205.4 213.8 
13-year-olds 
area 266.0 264.1 268.6 263.0 270.4 
NN eka ben eee San sas 265.1 263.6 269.2 270.0 271.2 
Female ................. 266.9 264.7 268.0 268.0 269.6 
White..........2.0..0... 273.7 271.6 274.4 273.6 276.3 
Black................... 227.7 229.6 240.4 249.2 249.1 
Hispanic................. 238.8 238.0 252.4 254.3 254.6 
17-year-olds 
WE Sa 6 nos teeeaeeaues 304.4 300.4 298.5 302.0 304.6 
Male ................... 308.5 303.8 301.5 304.7 306.3 
Fewale ... 2.22 300.6 297.1 295.6 299.4 302.9 
White..............0.... 310.1 305.9 303.7 307.5 309.5 
Cs 6.0456. 5 056 660 40-664 269.8 268.4 271.8 278.6 288.5 
Hispanic................. 277.2 276.3 276.7 283.1 283.5 


SOURCE: !.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic Progress. 
Achievement of American Students in Science, 1970-90, Mathematics, 1973-90. Reading, 1971-90, and Writing, 
1984-90,” review draft (Washington, DC: National Center for Education Statistics, August 1991). 


See figures 1-4, 1-5, and 1-6, and figure O-12 in Overview. Science & Engineering Indicators — 1991 
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Appendix table 1-5. 


Percentage of students achieving at or above mathematics proficiency levels, by age: 1978-90 assessments 


Assessment years 


Level and description Age 1978 1982 1986 1990 
Percent 

150 — Simple arithmetic facts. Students at this level know some basic addition and 9. 97 97 98 99 

subtraction facts, and most can add two-digit numbers without regrouping. They 13.... 100 100 100 100 

recognize simple situations in which addition and subtraction apply. They also are 17... 100 1006 100 100 

developing rudimentary classification skills. 

200 — Beginning skills and understandings. Students at this level have considerable 9.. 70 71 74 82 

understanding of two-digit numbers. They can add two-digit numbers, but are still 13.. 95 98 99 99 

developing an ability to regroup in subtraction. They know some basic multiplication 17.... 100 100 100 100 

and division facts, recognize relations among coins, can read information from charts 

and graphs, and use simple measurement instruments. They are developing some rea- 

250 — Basic operations and beginning problem-solving. Students at this level have an 9... 20 19 21 28 

initial understanding of the four basic operations. They are able to apply whole number 13.... 65 71 73 75 

addition and subtraction skills to one-step word problems and money situations. In multi- 17.... 92 93 96 96 

plication, they can find the product of a two-digit and a one-digit number. They can also 

compare information from graphs and charts and are developing an ability to analyze 

300 — Moderately complex procedures and reasoning. Students at this level are develop- 9.. 1 1 1 1 

ing an understanding of number systems. They can compute with decimals, simple fractions, 13.... 18 17 16 17 

and commonly encountered percents. They can identify geometric figures, measure lengths 17.... 52 49 52 56 

and angles, and calculate areas of rectangles. These students are also able to interpret sim- 

ple inequalities, evaluate formulas, and solve simple linear equations. They can find aver- 

ages, make decisions on information drawn from graphs, and use logical reasoning to solve 

problems. They are developing the skills to operate with signed numbers, exponents, and 

square roots. 

350 — Multi-step problem-solving and algebra. Students at this level can apply a range 9.... 0 0 0 0 

of reasoning skills to solve multi-step problems. They can solve routine problems involving 13... 1 1 0 0 

fractions and percents, recognize properties of basic geometric figures, and work with ex- Pee 7 6 7 7 


ponents and square roots. They can solve a variety of two-step problems using variables, 
identify equivalent algebraic expressions, and solve linear equations and inequalities. They 
are developing an understanding of functions and coordinate systems. 


SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic Progress: Achievement of American Students in Science. 
1970-90, Mathematics, 1973-90, Reading, 1971-90, and Writing, 1984-90," review draft (Washington, DC: National Center for Education Statistics, August 1991) 
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Appendix table 1-6. 
Percentage of students achieving at or above mathematics proficiency levels, by age 
and race/ethnicity: 1978 and 1990 assessments 


Assessment years 


1978 1990 
Proficiency level and age White Black Hispanic White Black Hispanic 
Percent 

Level 150 

9 98 88 93 100 97 98 
ere 100 99 100 100 100 100 
17 100 100 100 100 100 100 
Level 200 

Desens e aus ob« 0 a4 ees 76 42 54 87 60 68 
13 98 80 86 99 95 97 
OF idvcaveeussuavcers 100 99 99 100 100 100 
Level 250 

Decicteececuscenscees in 4 9 33 9 11 
eee 73 29 36 82 49 57 
17 96 71 78 98 92 86 
Level 300 

eceecevewsdsues ee 1 0 0 2 0 0 
De ccusseadeancuscius 21 2 4 21 4 6 
17 58 17 23 63 33 30 
Level 350 

iekeeeewenebwe ness 0 0 0 0 0 
eee ee ee 1 0 0 0 0 0 
i inecevesecebeces ¢es 1 1 8 2 2 


NOTE: See appendix table 1-5 for a description of the proficiency levels 


SOURCE: |.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic Progress 
Achievement of American Students in Science, 1970-90, Mathematics, 1973-90. Reading, 1971-90, and Writing, 1984- 
90,” review draft (Washington, DC: National Center for Education Statistics. August 1991) 
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Appendix table 1-7. 
Mathematics proficiency of eighth grade public school students, 
by region and state: 1990 


Students at or above level 


Average 
proficiency 200 250 300 350 
Percent 
Nationwide... _-_—-—«s.« eueees 261 97 64 12 0 
Regions 
Northeast ............... een 269 99 72 16 0 
FP eT ere ee 253 94 52 8 0 
Central -wavaeeacereuweeuc 265 98 70 12 0 
ME co cece ewe elses ee or 261 97 63 12 0 
States 
Alabama................... 252 96 52 7 0 
Arizona. . 259 98 61 10 0 
Arkansas.............. 256 97 57 7 0 
California................ 256 95 56 11 0 
GED. 5 ccc cc cccccscecsces 267 99 72 14 0 
Connecticut................ 270 98 72 19 0 
Delaware.................. a 261 97 60 13 0 
District of Columbia ............. 231 86 23 2 0 
Florida .... 2... 2... ee. 255 96 54 10 0 
ss Serer ee 258 96 59 12 0 
cnc ebbenaanesncexeewer 251 93 49 10 0 
SD ccc eu-eb ee euaeeeeeuvn aes 272 100 79 15 0 
WinoiS. 2. eee 260 96 64 12 0 
Indiana... 2. ee ee 267 99 71 14 0 
lowa 278 100 84 21 0 
er errs ee ee 256 98 57 8 0 
Louisiana ...............04.. 246 94 43 4 0 
Maryland..... 2... .0......05.5. 260 96 61 14 0 
Michigan... 2.220. 264 98 67 13 0 
Minnesota............... wee 276 99 82 20 0 
Montana . 280 100 88 23 0 
Nebraska ............... 276 99 81 21 0 
New Hampshire........... 273 100 79 17 0 
New Jersey............... 269 99 72 19 0 
New Mexico 256 98 56 8 0 
New York ................ oe 261 96 62 13 0 
North Carolina................ 250 94 49 7 0 
North Dakota............... - 281 100 88 24 0 
ee a 264 98 67 12 0 
Oklahoma ................. 263 99 67 10 0 
BR ¢ Gdeer eda bedeeseeems 271 99 76 18 0 
Pennsylvania................. 266 98 69 15 0 
Rhode isiand............... 260 96 61 12 0 
GED s o.o w bak 6.5 oe Keke Cee CRO SS 258 97 58 10 0 
Virginia... 2. ee cee §©$264 98 64 15 1 
West Virginia... ... -eeeh even ee 256 98 56 7 0 
Wisconsin... ............ 274 99 80 20 0 
Wyoming..................... 272 100 80 15 0 
Territories 
i. 60606 666s wenweses 60604 231 81 28 3 0 
Virgin Iisilands............ oe ears 218 76 11 0 0 
‘Data were reported by 38 states 


SOURCE: |.V.S. Mullis, J.A. Dossey, EH. Own, and GW. Phillips, The State of Mathematics Achievement: NAEP ’s 
1990 Assessment of ti; Nation and the Trial Assessment of the States (Washington, OC: National Center for Education 
Statistics, 1991). 
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Appendix table 1-8. 
intended majors of high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90 


Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Percent 
Ali fields..............00.00000002005.. 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Total science and engineering ............. 40 44 46 46 47 50 49 46 46 44 48 47 46 46 
Total sciences......................... 27 28 28 27 27 29 28 26 26 23 25 26 26 26 
Mathematics and statistics ............. 5 5 = + - 3 3 3 3 3 3 3 3 3 
Computer ......................... 3 - 5 5 7 9 10 9 7 4 4 3 3 3 
Physical...........2.2.....0..2204.5. 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
Ee rr 5 5 5 4 4 4 4 4 4 4 5 6 6 6 
Earth and environmental............... 1 1 1 1 1 1 1 1 1 1 ' . 4 . 
Psychology ....................24.. 4 4 4 4 4 4 3 3 4 4 4 5 5 5 
DER Riceceeeegeeeentriceneeeees 3 4 - 3 3 3 2 2 2 2 3 3 3 3 
acer cdeetveneeedereceeaceeeys 2 2 3 2 2 2 2 2 2 2 2 3 3 3 
Total engineering ...................... 14 16 18 19 20 22 21 20 20 21 23 21 20 20 
Total non-science/engineering ............. 25 28 31 27 28 29 26 25 29 28 34 35 35 35 
Humanities .....................2... 6 6 7 5 6 6 5 4 5 5 6 6 6 6 
Premedicine.....................2... 8 8 8 8 8 8 8 8 9 7 8 7 7 7 
none geen ones ese eerseeen? 2 4 4 3 3 3 3 3 3 3 4 4 4 
As oe 40 $64 dee keeesensesees 7 8 10 9 9 10 9 8 10 11 14 15 15 14 
ee 3 2 2 2 2 2 1 1 2 3 3 3 3 
Other, undecided, missing ................ 34 28 23 27 26 21 26 29 25 28 18 19 19 19 


“ = less than 1 percent 


SOURCE: J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Service, 1990). unpublished tabulations for the National Science 
Foundation. 
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Appendix table 1-9. 
intended majors of white male high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90 
intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
— rrr Percent 
DL ew eecevecceceeeceeeeeeess 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Total science and engineering............ 52 60 59 60 59 63 60 59 58 55 59 56 57 56 
Total sciences..................... 30 33 31 30 29 30 30 29 28 25 26 26 26 27 
Mathematics and statistics.......... 6 6 5 4 4 4 3 4 4 3 3 3 3 3 
Computer...................... 4 5 6 7 8 10 12 11 10 6 6 5 5 4 
Physical....................... 5 6 6 6 5 5 4 4 5 5 5 5 4 4 
ee 4 5 4 4 3 3 3 3 3 3 4 4 4 4 
Earth and environmental ........... 1 2 1 1 1 1 1 1 1 1 . . , . 
Payohology................2206. 1 2 1 1 1 1 1 1 1 1 1 i 1 1 
MR. scccccccoessecteseceses 4 4 4 4 3 3 3 3 3 4 4 4 5 4 
acta ceseeessevncsace 5 5 5 4 4 4 3 3 3 2 3 4 4 4 
Total engineering................... 22 27 28 29 29 32 30 29 30 30 33 30 31 29 
Total non-science/engineering............ 23 27 26 25 23 22 20 21 23 22 30 29 29 29 
Humanities ....................... 4 4 4 4 4 3 3 3 3 4 4 5 5 5 
Premedicine ...................... 8 g 8 8 8 7 7 8 6 6 5 5 5 5 
ni ccc ecceesaesebuseeeeses 3 5 5 4 4 4 3 3 3 2 3 4 4 4 
Business.....................005. 7 8 g 8 8 8 7 7 i] 9 13 14 14 14 
Education.....................0.. 1 1 1 ° 1 . . . 1 1 1 2 1 2 
Other, undecided, missing............... 25 14 15 16 19 15 20 21 19 23 14 15 15 15 


* = less than 1 percent 


SOURCE: J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce, 1990). unpublished tabulations for the National Science 


Foundation. 
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Appendix table 1-10. 


intended majors of white female high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90 


Intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
— Percent 

Alifields ............0..0.000000002204.. 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Total science and engineering .............. 32 32 37 34 37 41 40 37 39 34 37 37 37 37 
Total sciences ....................... 27 26 29 26 28 30 29 27 29 25 27 28 28 29 
Mathematics and statistics ............ 5 5 - 4 4 4 4 4 4 3 3 3 3 3 
Computer........................ 2 3 4 4 6 8 8 6 ” 2 2 2 1 1 
Physical ....................0-... 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
re 7 7 7 5 6 6 5 5 6 6 7 7 7 8 
Earth and environmental.............. 1 1 1 1 1 1 1 1 1 1 . . . . 
Psychology....................... 3 3 4 3 4 4 3 4 5 4 5 5 5 5 
ee ee ere 5 4 5 4 4 4 4 4 5 5 6 7 7 7 
is nag Gee 4S 4a SAS KAO ee ORES 2 2 3 2 2 2 2 2 2 2 2 3 3 3 
Total engineering ..................... 5 6 8 8 10 12 11 10 11 10 10 10 9 9 
Total non-science/engineering .............. 29 30 36 31 34 36 32 31 38 35 40 41 41 40 
re ere 9 9 10 8 8 9 8 7 9 8 9 9 10 9 
ER 6 666 kt ek eee SO ews wean Ose 7 6 7 7 7 8 8 8 8 7 7 6 6 6 
FPP TT eT error Tree rer 2 3 3 3 4 4 3 3 4 3 4 4 4 5 
ee 7 8 11 10 11 12 11 10 14 13 15 15 15 14 
cc x wgeckis Geek oso esese Hees 5 4 4 3 4 3 3 3 4 4 5 6 6 7 
Other, undecided, missing ................. 38 38 27 37 29 23 28 33 23 31 22 22 22 22 


*= less than 1 percent 


SOURCE: J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce, 1990), unpublished tabulations for the National Science 


Foundation. 


Science & Engineering Indicators — 1991 


802 


> 
oD 
a?) 
© 
=) 
a 
~ 
> 
> 
3 
a | 
Q 
4 
4 
® 
S 
© 
” 


Appendix table 1-11. 
intended majors of black male high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90 


intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Percent 
SR ak cn dee e644 K4b Eee ES OSE OOO OR 100 100 100 100 100 100 100 100 100 100 100 100 100 0 
Total science and engineering .............. 36 47 44 48 48 52 53 55 52 51 56 53 53 55 
Total sciences ....................... 15 19 18 17 19 21 22 23 21 19 22 19 20 21 
Mathematics and statistics ............ 2 2 2 1 2 1 1 2 2 2 1 2 2 
Computer........................ 3 4 5 4 7 g 11 13 10 7 7 6 6 6 
Physical ......................... 2 2 2 2 2 1 1 2 1 2 2 1 2 
I dite eek eas HkSHE OR ESCH KS 2 3 3 2 3 3 3 3 2 3 4 3 3 3 
Earth and environmental.............. ° 1 1 1 ’ : 7 . : ' '. 
a . 1 1 1 7 : . 7 . 
DER: coast techs aendesnaeeetéeeus 3 3 3 3 2 2 2 2 3 3 3 3 3 3 
RT. ce ccc ccc cece wees 2 3 3 3 3 2 2 2 3 3 3 3 3 
Total engineering ..................... 21 28 26 31 29 31 31 32 31 32 34 34 33 34 
Total non-science/engineering .............. 20 25 25 25 22 22 20 23 23 25 32 34 35 33 
Humanities.......................... 3 3 3 3 2 2 2 2 2 3 3 3 3 3 
Premedicine.......................2.. 8 8 7 8 7 8 7 8 7 6 8 6 7 7 
Pre-law ... 2.2.2.2 ee 2 3 4 3 2 3 3 3 3 2 3 4 5 5 
Business ..................02..0005. 7 10 10 10 9 o 8 10 10 13 17 19 19 17 
Education.......................200.2. 1 1 1 1 7 . * 1 1 7 1 1 1 1 
Other, undecided, missing ................. 44 29 30 28 31 26 27 22 25 25 12 13 13 13 


* = less than 1 percent 


SOURCE: J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce. 1990). unpublished tabulations for the National Science 
Foundation. 
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Appendix table 1-12. 


intended majors of black female high school seniors scoring above the 90th percentile on the mathematics SAT: 1977-90 


intended major 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Percent 

Allfields ............0 2.2.2 .22.0020...... 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Total science and engineering .............. 25 31 30 30 33 34 36 35 33 31 36 36 36 36 
Total sciences ....................... 18 21 20 18 21 22 23 22 21 18 21 22 23 22 
Mathematics and statistics ............ 2 3 2 2 1 1 2 2 2 1 2 2 2 2 
Computer........................ 2 4 4 4 7 9 11 + 7 5 4 4 4 3 
Physical ......................... 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
St nn eee eeeeent eet eversrvacis 3 3 4 3 3 3 3 4 4 4 4 5 4 4 
Earth and environmental.............. . ’ ° . : . . 7 7 . ° . . : 
Psychology ....................... 4 5 5 4 4 3 3 3 4 4 5 5 6 5 
ES Cob & x Oe ye ens + Ree Rees 4 5 4 3 3 3 3 3 3 3 4 5 5 5 
a 1 2 1 1 2 1 1 1 1 1 1 2 2 2 
Total engineering ..................... 7 10 10 12 12 12 13 13 12 13 14 14 12 14 
Total non-science/engineering .............. 29 35 35 29 34 29 29 30 35 35 46 47 46 46 
Humanities...................2...... 5 6 6 4 5 4 3 3 4 4 4 5 5 5 
Premedicine....................2..0.. 10 11 11 10 12 11 11 11 12 12 14 12 12 13 
Pre-law ...............2.2222000000- 3 5 5 4 5 4 4 4 4 4 6 7 8 7 
Business .....................00005. 8 10 12 10 12 10 10 11 13 14 20 20 19 18 
Education.....................2..2... 3 3 3 1 1 1 1 1 1 1 2 3 3 3 
Other, undecided, missing ................. 46 35 34 42 34 37 35 35 32 34 18 17 18 18 


* = less than 1 percent 


SOURCE: J. Grandy, Major Field Selections of High School Seniors Above the 90th Percentile in SAT Mathematics (Princeton, NJ: Educational Testing Servce. 1990), unpublished tabulations for the National Science 


Foundation. 
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Appendix table 1-13. 
Percentage of 17-year-old students studying science subject 
matter for 1 year or more: 1982, 1986, and 1990 


Subject and student characteristic 1982 1986 1990 
a ——_~————— 
General science 
SL, 6 s:6- ee 6b ee wde eas eeeeekes 61 69 56 
Male.............0........... 63 71 60 
Female....................... 59 67 53 
White..............2......... 61 71 56 
Black ........................ 66 62 58 
Hispanic...................... 58 64 69 
Life science 
Total... 2.222. ee eee. 27 40 30 
Male......................... 29 45 32 
Female....................... 26 34 28 
White...........0.2..00.0.4.. 27 40 28 
Black... 2.2.2.2... eee eee 27 40 35 
Hispanic...................... 31 41 44 
Physical science 
EE cede eeeekedeees een 6eueas 33 41 41 
Male..........0.00.....022004.. 33 43 42 
Female.............000.000... 33 40 40 
White... 2.2... .0.0.00.0002.000.. 32 41 39 
rere 34 45 47 
Hispanic..................22.. 35 37 55 
Earth and space sciences 
SE 6 b0's.6.0 69060066 406006¢%85%45 27 38 35 
Cn cc¢0 6060 oe hecenescas6eea 30 41 35 
Ds a « 4.60.04 6040006000668 25 34 34 
CN é 66.066 04666066000664% 6063 28 38 34 
EE 646940 60 e6bbeenceseanees 28 44 35 
PE 6 obec acedeeescéecsives 20 23 38 
Biology 
Sh «4464 648 0064646 06600446488 76 80 85 
SD, 5 6 40.0:4.6900450660006040684 74 78 82 
errr ee rr eee 78 82 87 
SD os «65.06 0:4 6900600 0464466% 78 81 86 
CN 6.6 cehb oe aénsecnsecoresea 66 77 79 
Hispanic... 2 2. ee eee 62 70 78 
Chemistry 
Total... eee 31 33 42 
Male... 2. eee 31 34 40 
Female... 2... 2. ee 30 31 45 
stb p 64h tee noidbeaehes 33 35 44 
SD 5 4.6.660466 66.44446004.00086 19 23 36 
PEE 6 v6 0eseederscesecetens 13 16 26 
Physics 
ih os Ss ene dee kabeseekeeuaes 11 11 10 
Se ee ee 14 13 12 
ee ee eee 9 8 9 
Ds sho b.6 660646060066 655065 11 11 9 
PPPS TT Terrrerrrrere 12 9 13 
PN ¢ 6.0 6 6-0:606-6600066066 00 i] 7 11 
NOTE: Data are based on self-reports of 17-year-olds on different subjects studied for 1 
year or more. 
SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in 
Academic Progress: Achievement of American Students in Science, 1970-90, 


Mathematics, 1973-90, Reading, 1971-90, and Writing, 1984-90,” review draft 
(Washington, DC: National Center for Education Statistics, August 1991). 
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Appendix table 1-14. 
Percentage of 17-year-old studentstE js hest level 
of mathematics course taken: 1978 and 1990 


Subject and student characteristic 1978 1990 
Percent-—— 
Pre-aigebra or general mathematics 
EE sce wks ces whee eeneusenveeusyes 20 15 
Cs cue Gadbceue evrabereeeedceues 21 16 
CR: ok og cae skye keds oe ceed eee s 20 14 
ha<vkerecceeveeiabeusuaveecnees 18 15 
Res pg ever geceeniudeegecredeken’ 31 16 
Sv éewhacecen be Ke daecaesexeses 36 21 
Algebra 1 
DE Ccceucebeatnceedoeceveensieusus 17 15 
A dveceeendehnseue es. 6nebueuts 15 16 
<< web egebakad o06664604040085 18 15 
er 17 15 
a ceeoaduseeadaansenceseecseaeses 19 16 
I cc rks edehebeweadesseeesess 19 24 
Geometry 
DD osceeuusdbeeweebsceedececeeset 16 15 
MR cceueed d6eceuesdeewneaveeeeces 15 16 
Female.... 2.20... 20.0000 cee eee 18 14 
ie cepaed neh 0000e be &ebeeedéeesbs 17 15 
np not cbsenueéueweneeseceurecees 11 17 
Hispanic... . 2.2... ee eee 12 13 
Algebra 2 
MT ¢obuee Geecacbbcéecescesivizere 37 44 
en ceeee 6 os 66504065660 6064086465 38 42 
Female... 2.6. ee eee 37 47 
White... nes 39 46 
Black... eee eee 28 41 
Hispanic... 2.2... cee eee 23 32 
Precalculus or caiculus 
DP coc ctcdsoccccescccesesesecces 6 8 
M6 066 ¢0ece6ecees 6000ebeeeeveece 7 8 
Female... 2.6 ee 4 8 
White. ees 6 8 
Black eee 4 6 
PMc ccceeeeseesceseceeueeeesese 3 7 


SOURCE: |.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in 
Academic Progress: Achievement of American Students in Science, 1970-90, 
Mathematics, 1973-90, Reading, 1971-90, and Writing, 1984-90,” review draft 
(Washington, DC: National Center for Education Statistics, August 1991). 
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Appendix table 1-15. 


Estimated proportion of public high school students taking 
selected science courses by graduation, by state: fall 1989 


(page 1 of 2) 
State Biology Chemistry Physics 
U.S. total’... 2... ee. 95+ 45 20 
Alabama ................. 95+ 38 21 
Alaska................... NA NA NA 
PN « ca0ea se odaeeceae ne NA NA NA 
Arkansas ................. 95+ 33 13 
California. ................ 91 33 16 
Colorado ................. NA NA NA 
Connecticut............... 95+ 62 36 
Delaware................. 95+ 48 19 
District of Columbia.......... 75 46 13 
SNe ct 040 6604600606604 95+ 44 19 
Georgia.................. NA NA NA 
CN oo 66 0040466000068 88 40 21 
Idaho..... 2... 2.2... 00005. 80 26 15 
Winois ... 2.0.0.0 eee 78 40 20 
Indiana................... 95+ 42 19 
lowa . 2... eee 95+ 57 27 
Kansas .................. 95+ 45 17 
Kentucky ................. 95+ 45 14 
Louisiana................. 90 50 21 
Maine ................... 94 58 NA 
Maryland ................. 95+ 61 27 
Massachusetts............. NA NA NA 
Michigan ................. NA NA NA 
Minnesota ................ 95+ 44 23 
Mississippi................ 95+ 55 17 
Missouri.................. 86 41 16 
Montana.................. 95+ 48 24 
Nebraska................. 95+ 46 21 
Nevada .................. 65 33 13 
New Hampshire ............ NA NA NA 
New Jersey ............... NA NA NA 
New Mexico............... 95+ 33 15 
New York... 0.2.00 0.0.0055. 95+ 56 28 
North Carolina ............. 95+ 47 15 
North Dakota .............. 95+ 54 24 
Ohio eee 95+ 49 20 
Oklahoma ................ 93 37 10 
SEE 66:0 6 6-6 6. 0-6-6.60.05:0060 NA NA NA 
Pennsylvania .............. 95+ 56 29 
Rhode isiand.............. NA NA NA 
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Appendix table 1-15. 
Estimated proportion of public high school students taking 
selected science courses by graduation, by state: fall 1989 


(page 2 of 2) 
State Biology Chemistry Physics 
- Percent 

South Carolina ............. 95+ 51 16 
South Dakota.............. NA NA NA 
Tennessee................ 88 42 1i 
SE cccdceueh o440¥06 600 95+ 40 12 
ML nceeeédécesedovesess 80 37 20 
Vermont.................. NA NA NA 
Virginia... 2.2.22. 2 eee, 95+ 57 23 
Washington ............... NA NA NA 
West Virginia .............. 95+ 40 11 
Wisconsin ................ 95+ 51 25 
Wyoming.............. 86 36 16 


NA = not available 


NOTES: Each state proportion is a statistical estimate of coursetaking by high school 
Students by the time they graduate. The estimate is based on the total course enroliment 
in grades 9-12 in fall 1989 divided by the estimated number of students in a grade cohort 
during 4 years of high schoo! The statistical estimation method is imprecise for states 
above 95-percent coursetaking rate. 

‘U.S. total is the proportion of public high school students estimated to take each course. 
including imputation for nonreporting states. 

SOURCE: R.K. Blank and M. Daikilic, State indicators of Science and Mathematics 
Education: 1990 (Washington, DC: Council of Chief State School Officers, 1991). 
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Appendix table 1-16. 
Estimated proportion of public high school students taking 
selected mathematics courses by graduation, by state: fall 1989 


(page 1 of 2) 
State Algebra 1' Aigebra 2 Calculus 
Percen——______—_ 

U.S. totaP........202000... 81 49 4 
Alabama.................. 70 46 6 
Alaska ................... NA NA NA 
Afizuna... 2... 2. ee, NA NA NA 
Arkansas ................. 88 48 5 
California ................. de 44 o 
Colorado ................. NA NA NA 
Connecticut ............... 74 61 14 
Delaware ................. 73 43 17 
District of Columbia.......... 65 39 3 
Florida ................... 78 42 9 
RE «5 404 Neen 6 04644548 NA NA NA 
Hawaii................... 52 33 4 
i. cc én eeeesnareeseses 95+ 64 6 
Ch .cceseeteseewateses 77 39 9 
Indiaana..............0.... 60 45 8 
— ee eee eee 92 50 g 
hs «nace es 6 660064566 66 47 9 
Kentucky ................. 81 54 6 
Louisiana ................. 95+ 64 4 
Dhcn<onesesneoeescesss 84 64 NA 
Maryland ................. 94 51 13 
Massachusetts ............. NA NA NA 
Michigan.................. NA NA NA 
Minnesota................. 90 55 12 
Mississippi ................ 85 58 3 
Mi. sessegeueneanees 95 58 8 
Montana.................. 94 65 6 
Nebraska ................. 75 54 6 
Nevada .................. 90 32 5 
New Hampshire ............ NA NA NA 
New Jersey ............... NA NA NA 
New Mexico ............... 95+ 47 8 
New York ................ 69 46 12 
North Carolina.............. 67 51 8 
North Dakota .............. 95 64 3 
Dc ckeeenoneeseenereses 80 47 8 
Oklahoma................. 95+ 60 8 
Decca stscccceasenses NA NA NA 
Pennsylvania .............. 88 57 16 
Rhode Island .............. NA NA NA 


(continued) 


Appendix table 1-16. 

Estimated proportion of public high school students taking 
selected mathematics courses by graduation, by state: fall 1989 
(page 2 of 2) 


State Algebra 1' Algebra 2 Calculus 
Percent 
South Carolina ............. 69 55 7 
South Dakota .............. NA NA NA 
Tennessee ................ 79 54 4 
re 82 54 5 
iia esa eé be dee %0e 0 82 63 13 
Vermont.................. NA NA NA 
Virginia................... 81 55 11 
Washington ............... NA NA NA 
West Virginia .............. 73 42 2 
Wisconsin................. 79 36 9 
eee 73 29 8 


NA = not available 

NOTES: Each state proportion is a statistical estimate of coursetaking by high school 

students by the time they graduate. The estimate is based on the total course enroliment 

in grades 9-12 in fall 1989 divided by the estimated number of students in a grade 

cohort during 4 years of high school. The statistical estimation method is imprecise for 

states above 95-percent coursetaking rate. 

‘Algebra 1 percentages include grade 8. 

?U.S. total is the proportion of public high school students estimated to take each course, 

including imputation for nonreporting states. 

SOURCE: R.K. Blank and M. Dailkilic, State indicators of Science aiid Mathematics 

Education: 1990 (Washington, DC: Council of Chief State School Officers, 1991). 
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Appendix table 1-17. 

Average credits earned by public high school graduates in science, by gender and 

race/ethnicity: 1969-87 

Subject and student characteristic 1969 1975-78 1979-81 1982 1987 

— I oor corre renee 

All science credits 
Male.....................20-.. 2.38 2.40 2.26 2.23 2.53 
Female.....................-.4. 2.10 2.14 2.11 2.11 2.49 
White... ..................00.. 2.28 NA NA 2.25 2.57 
Asian... 2.2.0.2 2.38 NA NA 2.57 3.00 
Black .................-2.-005. 2.02 1.96 1.95 2.04 2.31 
Hispanic....................... 2.01 1.98 1.81 1.78 2.20 
Native American ................. NA NA NA 1.96 2.44 

Survey courses 
Dn gc cc enenccrecsccuenenne 0.92 0.56 0.57 0.78 0.78 
Female........................ 0.74 0.51 0.48 0.71 0.73 
White... .........0.........00.. 0.80 NA NA 0.73 0.74 
Asian... 2.20.0. 2 eee eee 1.08 NA NA 0.51 0.65 
Black .................2000000. 0.87 0.55 0.54 0.82 0.90 
Hispanic....................... 0.99 0.51 0.33 0.77 0.77 
Native American ................. NA NA NA 0.72 0.81 

Biology 
it oss o6 6446086000 64048 4405 0.88 0.97 0.86 0.89 1.04 
Female....................005. 0.99 0.99 0.98 0.96 1.13 
White... ................0.005. 0.94 NA NA 0.96 1.11 
Serre errr 0.69 NA NA 1.08 1.11 
Black 0.0... cece eee 0.95 0.84 0.83 0.88 1.00 
Hispanic....................-.. 0.89 0.86 0.84 0.79 1.05 
Native American ................. NA NA NA 0.77 1.22 

Chemistry 
ree 0.42 0.42 0.37 0.35 0.47 
Female.....................04. 0.32 0.35 0.33 0.33 0.47 
SR. ona b tbo 64 04544644640940484 0.41 NA NA 0.38 0.50 
Mac cuceececececesoreusnces 0.47 NA NA 0.60 0.80 
nck shé ha ehertiesthesctysr 0.17 0.22 0.21 0.25 0.31 
Hispanic....................0.. 0.11 0.34 0.24 0.15 0.28 
Native American ................. NA NA NA 0.35 0.32 

Physics 
Male...................000005. 0.16 0.45 0.46 0.21 0.25 
SL 666 6.00 6060-6 608600088 62 0.06 0.29 0.32 0.12 0.16 
he ¢beehiee0400hs ene 60 ioe 0.13 NA NA 0.19 0.22 
c+ ceneeceeedesenseececses 0.15 NA NA 0.39 0.43 
Ms 6 eh aeR Nee eeehetinusenene 0.04 0.37 0.37 0.09 0.11 
DE occ eeecesetoececeucees 0.03 0.28 0.33 0.06 0.09 
Native American ................. NA NA NA 0.11 0.09 


SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachiander, and L. Horn, Course Enroliment Patterns in Public 
Secondary Schools, 1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989). 
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Appendix table 1-18. 
Average credits earned by public high school graduates in mathematics, by gender and 
race/ethnicity: 1969-87 


Subject and student characteristic 1969 1975-78 1979-81 1982 1987 
nie # a 
All mathematics credits 
Male ......................... 2.73 2.51 2.57 2.64 3.06 
Female....................00-. 2.23 2.21 2.31 2.47 2.97 
SD. 9p onc dunes keeeues cee 0eo 6s 2.52 NA NA 2.60 3.03 
RS s a-ca oo 4000 K 60444055 £0442 3.12 NA NA 3.14 3.70 
ae ig Wah 6044 0668 Ce RR CRN HS 2.19 2.28 2.40 2.55 2.96 
ee 2.22 2.18 2.42 2.2 42.86 
Native American................. NA NA NA 2.09 3.06 
Basic mathematics 
CL «5 oe g eee eeenceveeseenes 0.33 0.17 0.10 0.11 0.14 
Female.....................-.. 0.31 0.15 0.08 0.08 0.12 
ML, 65 dak ade 00400 0% 40 Reo EA 0.28 NA NA 0.07 0.09 
ns dcckeaeeys s0eveesietees 0.14 NA N 0.08 0.09 
ee eee 0.51 0.24 0.15 0.20 0.25 
Pmmamis. cc tees 0.61 0.16 0.09 0.15 0.35 
Native American................. NA NA NA 0.26 0.10 
General mathematics 
soe ewes scecessavesenes 0.25 0.45 0.51 0.50 0.38 
Female.....................0.. 0.21 0.45 0.45 0.40 0.30 
is wee aon cbs csdbedsd betes 0.21 NA NA 0.37 0.29 
SR oS gv abae oeeesicersneen< 0.19 NA NA 0.33 0.22 
NS 56 den Gis teniseereeuans 0.33 0.74 0.80 0.72 0.63 
Rs «one en eéauenedersceses 0.33 0.52 0.52 0.68 0.44 
Native American................. NA NA NA 0.49 0.48 
Algebra 
Fes 0.85 0.64 0.65 0.55 0.66 
Female...................2005. 0.79 0.62 0.68 0.59 0.68 
DT dexeeeeneeeetataieneeees 0.83 NA NA 0.60 0.69 
ee ee 0.82 NA NA 0.60 0.71 
he accteousscaedsvtncaaanes 0.77 0.50 0.57 0.47 0.59 
+ és exepeavecachesées 0.67 0.66 0.67 0.45 0.59 
Native American................. NA NA NA 0.40 0.67 
Geometry 
DP aa cccanndeceeoccepecenece 0.57 0.50 0.50 0.45 0.57 
MD ¢hsactbuhessacessenesteae 0.48 0.44 0.47 0.46 0.59 
Sree rT rer TT Tre er 0.58 NA NA 0.51 0.62 
RS in 34 64004096644 R44002 60-02 0.76 NA NA 0.68 0.75 
nn ocetsseceretesseseenéeen 0.27 0.26 0.27 0.30 0.43 
DE 6c oGeeeecrarscesececee 0.27 0.35 0.40 0.24 0.40 
Native American................. NA NA NA 0.25 0.45 
Caiculus 
Male ................000 cee uee 0.01 0.03 0.03 0.05 0.07 
EE och eecceecedceensceceene . 0.02 0.03 0.04 0.05 
SE a pacecedecceesecacetvecs 0.01 NA NA 0.05 0.06 
ss 540600 004.040640000000088 0.01 NA NA 0.13 0.26 
te 4596 554.0600000 606848 E0% 0.01 0.01 0.02 0.03 
CL A 5 90.606 040 66040300068 ’ 0.01 0.02 0.02 0.03 
Native American................. NA NA NA 0.02 . 


* = less than 0.01 credits; NA = not available 


SOURCE: J. Tuma, A. Gifford, D. Harde, E.G. Hoachiander, and L. Horn, Course Enroliment Patterns in Public 
Secondary Schools, 1969 to 1987 (Berkeley, CA: MPR Associates, Inc., 1989). 
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Appendix table 1-19. 
Trends in mathematics classroom activities at age 17: 1978 and 1990 


In your high school mathematics courses, how often did you: 


1978 1990 
Percent 

Listen to a teacher explain a mathematics lesson 

tak na 6.0 haw OOS EEE CAG S EN OO 04 4aA ONE ETEES 79 84 

Sometimes ..............0 0.00.00 00002 eee eee ih) 13 

Never............ 2020... 0c eee ee eee eee eee 2 3 
Discuss mathematics in class 

SN a eweeceeceneecepecueseerveccseebeseseneeess 51 63 

Sometimes ..........0.020.0.00 00.00 ccc ee eee 43 31 

Never........... 2.2.2.0. 00002 cee eee 7 7 
Watch the teacher work mathematics probiems on the board 

nc bch eek es new ae ee ee tek k d £4 oN RE 4 EEK RNEEE ES 80 85 

Sometimes .........0.0.0.0 0.00002 ee 18 12 

Never.......... 2.202000... 2 ccc ee eee 2 3 
Work mathematics problems on the board 

ek i ae wh OCHY oRE DEORE FOYE b EET ETRE ERK EO 28 28 

Sometimes ..........020.000 0000 cee ee eee 60 52 

Never. ........ 02.00.02 2c ee eee 12 21 
Make reports or do projects on mathematics 

ee acco c eee neo ebb 6644 E HOHE OU EO 4 Se 4 KEENE ED 2 5 

Sometimes .... 2... ..0 20.0000 ee ee eee 23 23 

En 26 eee dc Ch Gh eb a EER CHEESE CEE WS CEO EEE EERE TES 75 72 
Take mathematics tests 

er ce ae cea be See eneseeeeeeeeebaawesisis 64 84 

I 33 14 

tt ad eee ee bee d kh terete ch RECESS C6RCESLES 3 2 


SOURCE: I.V.S. Mullis, J.A. Dossey, M.A. Foertsch, L.R. Jones, C.A. Gentile, “Trends in Academic 
Progress: Achievement of American Students in Science, 1970-90, Mathematics, 1973-90, Reading, 
1971-90, and Writing, 1984-90,” review draft (Washington, DC: National Center for Education 
Statistics, August 1991). 
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Appendix table 1-20. 
Frequency of scientific experiments conducted in public school eighth grade science 
classes, by student background: 1988 


Number of science experiments 


0 or <1 About 1 About 1 About 1 
Student charai.teristic per month per month per week per day 
Percentage of students reporting -—— 

Sn cicovecese es aeenaveavinece< 20.6 20.4 46.9 12.1 
Socioeconomic status 

MS eek eweeetedancestice 29.2 21.3 41.0 8.5 

Middie................ 0.2.2... 20.4 21.7 46.9 11.0 

— Pere eer re eT eee 11.6 16.2 53.5 18.7 
Race/ethnicity 

ee 19.7 20.0 47.4 12.9 

Asian/Pacific Islander............ 13.8 17.6 48.2 20.5 

cern weeeeéeservesees 23.2 24.1 43.3 9.5 

a 24.6 21.8 22.5 8.4 

Native American/Alaskan Native .... 34.5 16.0 44.3 5.2 


SOURCE: A. Hafner and L. Horn, Survey Report: A Profile of American Eighth Grade Mathematics and Science 
Instruction (Washington, DC: National Center for Education Statistics, in press). 
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Appendix table 1-21. 
Elementary school class time spent on science 
and mathematics, by state: 1990 
State Grades 1-3 Grades 4-6 Grades 1-3 Grades 4-6 
Hours/week————-— 
Median............ 2.3 3.0 48 49 
Alabama........... 2.8 3.7 48 48 
Alaska ............ 2.3 3.0 4.7 4.7 
Arizona ........... 2.2 3.2 5.0 5.3 
Arkansas .......... 2.4 3.4 5.0 5.0 
California .......... 2.5 2.7 4.9 4.7 
Colorado .......... 2.6 3.2 5.0 49 
Connecticut ........ 2.0 3.0 5.0 5.3 
Delaware .......... 1.8 2.3 4.7 44 
District of Columbia... 2.9 3.0 6.0 48 
Florida............ 2.6 3.2 49 49 
Georgia........... 2.6 3.3 46 4.9 
Hawaii............ 2.3 2.8 45 5.5 
Iidaho............. 2.5 2.9 47 49 
linois ............ 2.2 3.3 46 48 
Indiana............ 2.9 3.2 5.7 45 
MR cccccceucuces 2.2 2.7 4.3 5.0 
Kansas............ 2.2 3.1 48 49 
Kentucky .......... 2.9 3.5 5.0 47 
Louisiana.......... 3.3 3.6 46 5.4 
Maine............. 2.7 3.0 4.7 47 
Maryland .......... 2.0 2.9 5.3 5.0 
Massachusetts ...... 1.8 2.3 5.2 5.4 
Michigan .......... 2.7 2.8 4.9 5.0 
Minnesota ......... 2.4 2.3 44 4.7 
Mississippi ......... 2.8 2.4 5.2 6.0 
Missouri........... 2.3 3.6 5.2 49 
Montana........... 2.1 3.3 46 3.8 
Nebraska.......... 2.2 3.5 4.3 49 
Nevada ........... 1.9 3.2 49 48 
New Hampshire ..... 2.0 4.1 46 5.0 
New Jersey ........ 2.1 2.4 4.6 5.2 
New Mexico........ 2.6 3.5 5.3 5.4 
New York.......... 2.2 3.0 5.0 48 
North Carolina ...... 2.9 3.8 48 5.3 
North Dakota ....... 2.3 3.4 4.7 4.7 
eb eeecseesens 2.1 3.3 4.2 4.1 
Oklahoma.......... 2.3 3.1 46 43 
Oregon............ 2.2 3.0 5.0 4.7 
Pennsyivania ....... 2.1 2.7 4.7 4.7 
Rhode island ....... 1.3 2.4 48 48 
South Carolina ...... 2.4 3.4 5.0 5.1 
South Dakota....... 2.7 3.5 5.0 5.1 
Tennessee......... 2.4 2.8 49 5.5 
Texas............. 3.5 4.0 5.1 5.1 
DR cosesccsecses 2.1 2.2 49 5.0 
Vermont........... 2.8 2.9 5.2 48 
Virginia............ 2.4 3.0 5.2 5.2 
Washington ........ 1.9 2.6 4.7 45 
West Virginia ....... 1.9 3.0 4.7 46 
Wisconsin. ......... 2.4 2.9 45 5.4 
Wyoming .......... 2.7 3.7 45 4.6 


SOURCE: R.K. Blank and M. Dalkilic, State Indicators of Science and Mathematics 
Education: 1990 (Washington, DC: Council of Chief State School Officers, 1991). 
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Appendix table 1-22. 

Public school eighth graders in mathematics classes with 
algebra or fractions taught as major topic, by student 
background: 1988 


Student characteristic Algebra Fractions 
—Percentage of students reporting — 
WE o's 645 4 46 45 oe hee eeenss¥es 62.0 64.3 
Socioeconomic status 
SR ee 49.3 79.2 
DD 6:44 c464.04 608804545 0% 59.1 68.1 
ee eee 74.8 52.4 
Race/ethnicity 
Ne ahs tn oan 6 4 68 s'0 HOS 62.3 63.8 
Asian/Pacific Islander.......... 67.4 54.6 
Cn 0064 6¢446.0.04<64085x0% 48.5 80.4 
oe ee kn & 4s 57.5 80.6 
Native American/Alaskan Native . . 48.3 82.9 


SOURCE: A. Hafner and L. Hom, Survey Report: A Profile of American Eighth Grade 
Mathematics and Science Instruction (Washington, DC: National Center for Education 
Statistics, in press). 
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Appendix table 1-23. 
Federal FY 1992 budget, by agency and major program area 


Program areas 
Total Teacher preparation Curriculum Comprehensive/ Student 


Agency precollege & enhancement development’ organization reform incentives Other 

enemas ee 
Sn 6 ¥64540600064600060540055 660.62 358.53 137.27 57.57 47.75 59.50 
National Science Foundation........ 253.05 97.30 84.75 47.55 11.00 12.45 
i. GG cheese deecececcess 313.80 239.00 34.80 0.00 0.00 40.00 
De paietdecnesoceeeuceses 21.65 6.20 1.90 6.40 5.75 1.40 
Ch + chet 6eneaeeaedénecéen 4.97 0.63 0.00 0.00 4.34 0.00 
DC rrrccdoeesscecceccers 0.55 0.25 0.09 0.00 0.21 0.00 
National Aeronautics and Space ..... 14.10 5.57 5.60 0.28 0.55 2.10 
ci uewke +4 bOeERE He cee eee 21.96 2.06 3.60 0.50 14.32 1.49 
Health and Human Services ........ 21.77 5.15 4.52 0.60 10.87 0.62 
Environmental Protection........... 8.07 2.37 2.01 2.04 0.21 1.44 
ETc er ee eee 0.70 0.00 0.00 0.20 0.50 0.00 


‘Includes program assessment and evaluation. 


SOURCE: Federal Coordinative Council for Science, Engineering, and Technology, By the Year 2000: Report of the FCCSET Committee on Education and Human 
Resources, budget summary, FY 1992 (Washington, DC: Office of Science and Technology Policy, 1991). 
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Number of institutions awarding baccalaureates, by Carnegie classification: 1988 


Number of institutions Number of degrees 
Social Social 
Natural sciences & S&E Natural sciences & S&E 
Carnegie category Total Total S&E sciences psychology Engineering technologies Total S&E sciences psychology Engineering technologies 
ee 1,739 1,392 1,331 1,222 370 302 327,999 123,115 115,239 70,406 19,239 
Research! ........... 69 67 67 66 63 18 97,541 33,503 33,429 28,452 2,157 
Research il........... 34 34 34 34 28 11 30,841 10,162 10,948 8.476 1,255 
Doctorate-granting |... . . 48 47 46 47 31 19 25,605 8,843 9,468 5,826 1,468 
Doctorate-granting ll... . 56 54 54 50 36 17 24,662 8,477 6,904 7,928 1,353 
Comprehensive !....... 395 394 393 379 120 149 95,257 39,596 32,884 14,706 8,071 
Comprehensive ll ...... 165 163 162 150 20 25 10,574 5,458 4,013 623 480 
Liberalarts!.......... 141 138 138 135 18 3 19,856 7,238 12,027 588 3 
Liberalartsfi.......... 413 380 357 339 24 25 11,409 5,803 4,987 351 268 
Two-year institution... . . 27 15 8 2 1 7 591 39 16 129 407 
Specialized........... 333 83 60 14 20 24 8.691 2,995 100 2,233 3,363 
any oe eke ees 20 11 8 4 8 0 2,221 692 439 1,090 0 
Not classified ......... 38 6 4 2 1 4 751 309 24 4 414 


NOTE: S&E = science and engineering. 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center for Education Statistics. 


See figure 2-1 and text table 2-1. 
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Appendix table 2-2. 


Number of institutions awarding masters degrees, by Carnegie classification: 1988 


Number of institutions Number of degrees 
Social Social 

Natural sciences & S&E Natural sciences & S&E 
Carnegie category Total Total S&E sciences psychology Engineering technologies Total S&E sciences psychology Engineering technologies 
ee 1,172 645 529 476 242 56 64,721 26,809 14,197 22,891 824 
Researchi........... 69 68 68 66 65 6 26,094 10,527 3,805 11,688 74 
Researchil........... 34 34 34 34 28 3 7,836 3,356 1,368 3,044 68 
Doctorate-granting |... . . 49 48 46 48 25 7 6,289 2,690 1,695 1,758 146 
Doctorate-granting |! 57 57 53 45 31 7 6,264 2.723 1,238 2,215 88 
Comprehensive !....... 356 275 233 199 68 27 13,532 6,201 4,239 2,735 357 
Comprehensive ll ...... 111 43 23 26 4 3 870 163 625 72 10 
Liberalarts!.......... 49 28 20 17 2 0 661 154 471 36 0 
Liberal arts il.......... 131 26 g 21 1 0 339 69 269 1 0 
Two-year institution... . . 1 0 0 0 0 0 0 0 0 0 0 
Specialized........... 266 45 37 5 13 2 1,524 764 75 680 5 
Po otis ssegeeeses 30 19 5 os “ 1 1,292 157 406 653 76 
Not classified ......... 19 2 1 1 1 0 20 5 6 9 0 


NOTE: S&E = science and engineering. 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center for Education Statistics.. 
Science & Engineering indicators — 1991 


See figure 2-1 and text table 2-1. 
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Appendix table 2-3. 
Number of institutions awarding doctorates, by Carnegie classification: 1988 


Number of institutions Number of degrees 
Social Social 

Natural sciences & S&E Natural sciences & S&E 
Camegie category Total TotaiS&E sciences psychology Engineering technologies Total S&E sciences psychology Engineering technologies 
Total ............... 343 291 254 221 160 0 20,762 10,434 6,139 4.189 0 
Researchi........... 70 70 70 69 64 0 13,569 7,159 3,366 3,044 0 
Research il........... 34 34 os 34 27 0 3,196 1,592 1,014 590 0 
Doctorate-granting |... . . 49 48 47 47 22 0 2,016 786 986 244 0 
Doctorate-granting |! 55 52 42 39 27 0 1,033 454 348 231 0 
Comprehensive !....... 57 35 25 11 12 0 233 115 76 42 0 
Comprehensive li ...... 4 2 1 1 1 0 32 9 16 7 0 
Liberalarts!.......... 6 3 2 2 0 0 33 17 16 0 0 
Liberal artsil.......... 2 1 1 1 0 0 5 3 2 0 0 
Two-year institution... . . 0 0 0 0 0 0 0 0 0 0 0 
Specialized........... 53 33 29 7 4 0 343 278 51 14 0 
tthe ecoceevcees 13 13 3 10 3 0 302 21 264 17 0 
Not classified ......... 0 0 0 0 0 0 0 0 0 0 0 
NOTE: S&E = science and engineering. 
SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center for Education Statistics 
See figure 2-1 and text table 2-1. Science & Engineerine indicators - 1991 
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Appendix table 2-4. 
Baccalaureate institutions of 1985-90 doctorate recipients, by Carnegie classification and field of doctorate 
Other 
doctorate- 
Research granting Comprehensive __ Liberal arts Specialized 
Field of doctorate Total universities’ universities” institutions® colleges‘ schools 
Percent 
Total science and engineering...... 100 40 25 20 14 2 
Total sciences ................. 100 38 25 21 15 1 
Physical sciences ............ 100 37 22 24 16 2 
Mathematics................ 100 40 23 19 16 2 
Computer sciences ........... 100 46 25 17 10 3 
Environmental sciences........ 100 42 27 14 15 1 
Agricultural sciences .......... 100 47 29 17 7 0 
Biological sciences ........... 100 41 24 20 15 1 
Psychology................. 100 32 26 25 16 1 
Social sciences.............. 100 36 25 21 17 1 
Total engineering............... 100 53 28 11 4 4 


‘includes research | and I universities. 
*Includes doctorate-granting | and Ii universities. 
‘Includes comprehensive | and Ii institutions. 
“‘inciudes liberal arts | and || colleges. 


SOURCE: Science Resources Studies Division, National Science Foundation, Undergraduate Origins of Recent Science and Engineering 
Doctorate Recipients, special report (Washington, DC: NSF. forthcoming). 
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Appendix table 2-5. 
Selected characteristics of American college freshmen: 1971-90 


(page 1 of 7) 


1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in science and engineering fields 
—~ Percent — 
Average grade in high school 
AorA+ ................. 11.1 123 153 161 166 179 165 196 186 188 181 185 188 183 203 219 218 208 202 198 
A- 22 ee eee 15.2 166 167 186 183 192 173 198 181 183 176 172 176 173 197 192 175 189 193 189 
She obi ee oe he vee vensas 4 23.0 248 261 243 241 247 233 223 213 213 221 221 221 #221 «219 «208 216 20.1 206 207 
Dee uneeceseueveussexess 24.1 243 229 223 219 215 228 209 220 220 222 221 212 217 204 194 181 207 216 21.1 
hc cuaecetesetseseveses 13.1 11.1 10.5 94 100 87 100 89 99 95 102 99 97 10.0 8.9 94 116 9.7 97 10.1 
De cae be neeaetevuweeees 90 7.5 5.5 6.1 57 54 66 56 68 65 6.4 6.3 7.1 68 5.4 63 52 6.5 60 64 
Me eetndeeetastevdekeeus 42 33 29 3.0 33 25 33 28 3.2 3.4 3.2 3.1 34 37 3.2 3.0 3.9 3.2 25 3.0 
Te cea beeasbeeeiaees ss 02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 02 02 0.1 0.1 0.1 0.2 0.1 0.1 
Father’s education 
Grammar school or less... .. . 6.7 65 48 52 46 47 £51 4.1 43 42 3.6 3.5 34 3.2 2.8 25 24 2.6 24 28 
Some high school.......... 126 11.6 9.5 95 92 88 90 8.1 8.1 8.1 7.5 7.1 7.1 63 6.0 54 53 5.0 5.1 5.3 
High school graduate ....... 276 274 223 23.1 230 227 235 218 226 220 228 229 229 226 198 195 194 196 203 206 
Postsecondary (not college). . . NA NA 4.7 46 43 42 44 45 43 43 43 45 48 51 5.0 47 50 5.0 5.2 5.2 
Some college............. 175 169 152 142 141 136 13.7 140 140 13.7 139 141 142 142 135 145 139 147 149 149 
College degree............ 224 195 210 215 219 223 219 228 221 226 227 228 225 225 227 234 233 23.0 240 233 
Some graduate school....... NA 3.3 3.7 36 34 38 34 3.8 3.7 3.5 3.6 3.5 34 38 42 42 42 40 35 3.6 
Graduate degree........... 13.2 147 188 183 196 198 190 209 209 216 21.7 216 21.7 224 260 258 265 262 246 242 
Mother’s education 
Grammar school or less... . . . 40 4.0 2.8 3.4 30 29 32 2.7 30 27 2.3 23 22 2.1 2.0 18 20 1.9 19 23 
Some high school.......... 109 96 7.9 8.2 77 675 79 69 7.1 6.7 6.3 6.0 57 5.4 48 43 38 4.0 3.7 4.1 
High school graduate ....... 427 422 368 367 367 362 369 360 354 344 347 340 342 328 299 281 274 268 273 27.2 
Postsecondary (not college). . . NA NA 8.2 8.2 79 8.0 7.7 7.6 78 7.5 7.3 8.0 79 8.3 76 8.1 8.3 7.7 8.3 7.7 
Some college ............. 198 197 172 164 161 159 159 161 163 169 168 166 165 169 173 185 177 185 183 182 
College degree............ 182 165 175 181 185 19.1 182 195 190 197 206 208 203 210 222 228 233 232 234 234 
Some graduate school....... NA 3.0 3.3 3.1 3.1 3.1 30 34 3.2 3.3 3.4 3.2 34 35 43 44 46 46 41 3.9 
Graduate degree........... 44 5.0 6.3 6.0 6.9 7.2 7.1 7.8 8.2 8.7 8.7 9.1 96 100 119 120 130 134 413.1 13.2 
Father’s occupation 
Artist (including performer). . . . 0.7 O08 NA NA NA O09 O09 O89 08 08 0.9 0.9 09 09 0.8 0.9 0.9 0.9 0.7 0.7 
Businessman ............. 30.5 31.1 NA NA NA 303 290 293 288 291 292 293 286 290 290 301 301 289 288 277 
Clergy or religious worker .. . . 10 11 NA NA NA 13 13 #144 #142 4143 #44 12 11 #10 44 #1412 #1412 «41 12 12 
College teacher ........... 12 13 NA. NA NA 1.5 1.5 1.6 1.6 1.7 1.5 1.6 15 17 2.0 18 1.7 1.7 1.5 1.3 
Doctor or dentist........... 24 24 NA NA NA 40 33 £33 34 3.5 3.6 3.6 34 34 3.8 35 38 3.6 3.3 3.3 
Education (secondary)....... 23 2.7 NA NA NA 3.4 3.4 3.6 3.7 38 4.0 40 41 39 42 42 43 43 43 4.1 
Education (elementary) ...... 03 04 NA NA NA O06 O06 O68 O6 O86 0.6 0.7 O7 07 0.8 08 09 0.9 0.9 1.0 
DT Keb bebedcecccnces 96 102 NA NA NA 118 113 124 115 115 114 114 #112 #112 #119 #115 112 4107 104 100 
Farmer or forester.......... 45 37 NA NA NA 30 23 23 2.1 2.6 2.6 2.5 23 23 2.3 2.2 2.2 2.1 24 2.4 
(continued) 
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Selected characteristics of American college freshmen: 1971-90 


(page 2 of 7) 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in science and engineering fields 
— aaantamen Percent 

Health professional (non-MD) 1.2 1.1 NA NA NA 1.3 1.3 1.4 1.4 1.4 1.3 1.3 1.3 1.3 14 14 1.4 1.4 1.5 1.2 
Se 1.5 1.7 NA NA NA 2.0 2.1 2.1 2.2 2.2 2.2 2.1 2.2 2.2 2.5 2.3 2.4 2.5 2.2 2.2 
Military (career)............. 2.7 25 NA NA NA 27 29 29 28 29 28 27 25 25 2.2 27 24 2.4 26 24 
Research scientist........... 1.1 1.1 NA NA NA 1.3 1.1 1.2 1.1 1.2 1.1 1.0 1.0 1.1 1.4 1.2 1.2 1.1 1.0 0.9 
Skilled worker.............. 114 116 NA NA NA-) 96° 10.1 9.7 98 95 10.1 9.7 93 96 8.3 83 86 8.9 9.1 9.0 
Semi-skilled worker.......... 7.0 6.5 NA NA NA 47 5.4 44 47 45 4.1 42 47 42 3.8 3.5 3.4 3.7 3.8 3.9 
Laborer (unskilled)........... 3.2 34 NA NA NA 27 27 26 29 27 25 25 25 24 2.5 23 2.0 2.2 22 27 
Unemployed............... 1.1 1.7 NA NA NA 1.9 1.9 1.9 18 2.0 1.5 17 26 21 2.2 2.1 1.7 1.9 2.1 2.2 
DG Ceinereeseveeesesrs 18.1 167 NA NA NA 170 189 187 195 189 194 195 201 205 197 200 205 216 219 23.7 

Mother’s occupation 
Artist (including performer)... . . 0.9 0.9 NA NA NA 1.4 1.5 1.4 1.5 1.4 1.6 1.6 1.7 1.7 1.9 1.9 1.8 1.9 1.7 1.7 
Businesswoman ............ 46 55 NA NA NA 63 66 76 78 87 97 101 103 113 #129 136 143 145 #146 13.9 
Business (clerical)........... 87 110 NA NA NA 97 95 99 100 107 108 106 106 107 99 108 104 98 103 98 
Clergy or religious worker... . . . 0.1 0.1 NA NA NA 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 02 02 0.2 02 02 
College teacher............. 0.4 04 NA NA NA O6 O6 O5 05 05 06 O5 O06 06 0.7 06 07 0.7 0.7 07 
Doctor or dentist............ 0.1 0.1 NA NA NA O03 O03 0O3 03 03 03 O04 04 04 0.7 05 05 0.6 05 06 
Education (secondary)........ 2.6 3.1 NA NA NA 35 34 35 36 39 43 44 40 42 49 5.0 52 5.3 52 52 
Education (elementary) ....... 4.9 5.1 NA NA NA 66 66 6.7 65 69 7.1 7.1 66 65 7.2 74 78 7.9 8.1 8.0 
aks eecectesss 0.1 0.0 NA NA NA 0.1 0.1 0.1 0.1 0.1 02 02 02 03 0.3 03 03 O03 03 03 
Farmer or forester........... 0.1 02 NA NA NA 0.1 0.1 0.1 02 02 02 02 02 02 0.3 02 02 0.2 03 04 
Health professional (non-MD)... 1.1 12 NA NA NA 1.7 17 16 1.8 19 2.0 1.9 21 22 2.2 22 22 2.2 22 23 
Homemaker (full-time)... ... .. 525 355 NA NA NA 35.2 323 320 298 280 234 228 250 236 214 199 17.7 167 157 144 
DCU WHE Séadeeceescees 0.1 0.1 NA NA NA 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4 
Dts cee ann ececeeeees 45 47 NA NA NA 66 67 66 69 69 76 82 75 74 7.6 7.7 80 7.9 80 78 
Research scientist........... 0.1 0.1 NA NA NA 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.2 
Social/welfare worker......... 0.8 1.0 NA NA NA 1.3 1.4 1.3 1.6 1.4 1.4 1.5 1.4 1.6 1.5 1.6 1.6 18 1.6 1.7 
Skilled worker.............. 1.3 1.8 NA NA NA 1.6 1.7 1.8 1.7 1.8 1.8 1.9 1.7 2.0 1.9 1.9 2.2 2.0 2.2 2.2 
Semi-skilled worker.......... 2.8 3.3. NA NA NA 29 © 3.1 2.8 32 29 32 3.1 3.1 28 28 25 25 24 28 27 
Laborer (unskilled)........... 1.4 18 NA NA NA 17 20 1.8 1.9 19 2.0 1.8 19 16 1.7 1.6 1.5 16 15 1.7 
Unemployed............... 3.3 118 NA NA NA 8.0 8.2 78 7.5 74 74 7.0 6.3 5.9 5.8 5.5 5.6 5.3 49 5.2 
DEAS b oes ceecceceeees 96 123 NA NA NA 121 139 13.7 146 146 161 162 158 163 156 159 168 180 184 204 

Student’s probable career 

Accountant or actuary ........ 0.5 0.6 NA NA NA 04 04 04 03 04 O03 03 O03 03 0.4 04 04 0.5 06 07 
DS cebebddccecescces 0.2 03 NA NA NA O04 O58 04 04 04 04 O04 O03 04 0.3 03 04 0.4 04 04 
Business (management) ...... 1.3 12 NA NA NA 1.5 1.5 1.8 1.9 18 20 20 22 22 3.0 28 2.7 26 23 2.0 
Clinical psychologist ......... 48 46 NA NA NA 38 38 £38 43 37 35 32 34 42 43 53 5.7 6.4 58 5.5 
College teacher............. 1.0 09 NA NA NA O04 04 £402 03 02 03 O02 03 04 0.4 05 O05 06 06 05 
Computer programmer....... . 2.6 2.6 NA NA NA 3.4 4.1 5.7 6.8 90 124 152 144 106 7.1 5.9 5.3 49 49 47 
Conservationist or forester... . . 1.1 14 NA NA NA 1.7 1.7 1.3 1.3 1.0 10 O06 O58 O5 0.5 06 05 0.6 09 09 
(continued) 
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Appendix table 2-5. 

Selected characteristics of American college freshmen: 1971-90 
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1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in science and engineering fields 
sean nennbnemeannenneceeenenemnneansamneaatneanenememnenmeammnememanenenmmannenennnn: -—— Percent 

Engineer.................. 166 180 NA NA NA 225 273 278 290 322 311 332 312 304 307 297 286 262 281 276 
Farmer orrancher........... 02 03 NA NA NA 0.3 03 02 04 03 03 O03 03 O3 02 02 01 01 02 0.1 
Foreign service worker........ 12 12 NA NA - NA 1.3 14 14 14 1.5 13 14 16 2.0 3.1 29 31 33 27 24 
i im te ces ees 42 54 NA NA _ NA 8.5 90 81 79 78 $73 47. 67 69 7.1 70 82 99 94 97 
Military service (career) ....... 36 43 NA NA _ NA 2.8 33 37 38 32 33 25 34 38 29 43 32 23 24 23 
eA coer eeeeeeeeeeess 0.1 0.1 NA NA NA 0.4 03 03 02 02 03 03 O02 02 0.1 0.1 02 0.1 02 02 
Physician ................. 20 3.1 NA NA NA 10.7 58 61 6.1 6.1 60 65 70 7.0 80 68 70 68 59 £67 
School counselor............ 12 09 NA NA NA 0.7 07 04 O06 O04 O05 04 O05 O85 05 07 O07 O8 O07 O08 
Scientific researcher ......... 98 94 NA NA NA 9.0 89 83 70 62 58 50 52 54 5.7 58 58 60 £6. 5.8 
Social worker .............. 98 88 NA NA NA 6.8 69 62 58 49 40 29 28 £31 3.1 32 34 38 #£3.1 3.1 
Statistician ................ 04 04 NA NA _ NA 0.3 03 03 O02 02 0.1 02 03 02 03 03 02 02 02 02 
Therapist (e.g., physical) ...... 04 04 NA NA NA 0.4 05 04 O05 04 04 04 O05 O85 05 06 O7 O8 O08 O08 
Teacher (elementary)......... 18 15 NA NA NA 0.2 03 O02 01 0.1 0.1 0.1 0.1 0.2 0.2 03 OS C3 O03 04 
Teacher (secondary) ......... 67 50 NA NA NA 1.3 10 O08 O07 O6€6 O06 O6 O8 12 1.4 1.3 13 14 1.4 1.4 
Veterinarian ............... 05 06 NA NA NA 2.2 13 #12 = «12.1 1.1 10 10 O09 #410 0.9 1.0 10 O09 O08 O09 
Writer or journalist........... 04 O03 NA NA NA 0.3 02 02 02 03 02 02 02 03 03 04 O04 O5 O04 04 
Skilled trades ............. -. 05 04 NA NA NA 0.2 03 04 O3 03 O03 02 02 03 0.2 02 02 03 O03 04 
Other.................... 70 67 NA NA NA 5.2 59 58 58 54 54 47 48 £54 55 59 64 72 85 91 
Undecided ................ 176 169 NA NA NA 9.1 88 99 88 83 8.1 7.5 80 87 88 92 91 89 89 90 

Student’s probable major 
Biological sciences .......... 145 167 267 249 243 249 191 182 164 149 146 137 148 156 148 157 157 154 151 16.1 
Engineering................ 212 223 174 23.1 259 263 319 330 49 380 364 377 358 353 357 348 334 34 328 323 
Mathematics or statistics ...... 121 100 69 59 46 43 39 40 3.1 3.0 3.1 3.0 36 3.7 3.6 33 31 27 28 #$=28 
Computer sciences .......... 23 25 15 23 24 2.8 32 48 62 86 124 154 153 11.1 79 65 58 54 55 £55 
Physical sciences ........... 8.8 84 104 101 105 106 9.7 9.7 9.0 7.7 7.9 6.8 6.8 6.8 7.1 6.9 6.5 6.6 6.6 6.7 
Social sciences............. 259 25.7 25.1 228 217 215 224 206 202 187 168 149 148 167 190 190 205 232 215 215 
See 153 145 120 110 106 9.5 9.8 97 103 9.1 8.8 8.4 89 108 118 138 150 162 156 15.1 
Other technical ............. 23 25 15 23 24 2.8 32 48 62 86 124 154 153 11.1 7.9 65 58 54 55 5.5 

Highest degree planned 
DECREE AEDS RS Gee cceeee NA 1.0 NA 1.0 1.1 1.0 0.8 0.7 0.5 0.9 0.7 0.7 1.2 0.9 1.1 1.1 1.1 0.9 0.6 0.7 
Associate or equivalent ....... NA O06 NA O05 O85 0.4 08 O07 %10 O07 O7 1.1 05 05 03 03 O02 03 O3 03 
ee NA 313 NA 246 228 227 238 251 242 260 268 274 255 249 225 222 204 180 189 185 
Se NA 369 NA 297 314 318 345 356 373 361 371 36 368 367 365 377 375 37.1 381 37.1 
| ee NA 194 NA 186 187 185 206 195 190 180 174 168 180 195 218 225 233 249 246 246 
Professional (e.g.,.MD,DDS)... NA 48 NA 163 156 156 91 93 94 94 91 93 97 96 103 90 91 89 82 91 
ERE PUW66.0 404 coseeccee NA 5.1 NA 82 85 8.5 88 78 75 74 70 68 64 63 6.7 6.1 74 88 84 86 
NK 6 0:4 600906000606 008 NA 03 NA O03 04 0.4 03 03 03 03 O03 04 04 04 0.2 02 02 03 02 03 
PTT TTT NA 07 NA O09 1.20 1.1 12 10 09 1.3 10 09 15 «14.1 0.7 07 O07 O8 O08 0O8 


(continued) 
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1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in non-science/engineering fields 
_ - ae ar Percent - 
Average grade in high school 
0 SS ra ee 7.0 8.6 9.3 8.7 95 105 103 123 107 101 106 107 109 108 104 118 114 125 124 113 
TT Tere ee 115 145 118 135 137 145 134 159 141 142 134 136 124 12.1 13.2 134 13.1 137 152 148 
eee 204 222 238 219 225 239 23.1 23.1 208 218 21.1 218 210 200 215 202 213 208 204 206 
CARS Whi canes 660% 664.6% 2.9 269 284 283 266 272 270 249 264 27.1 268 266 251 255 250 255 234 235 257 253 
a as oo a6 466 404.4 16.0 125 134 126 134 118 118 116 125 116 136 130 135 136 126 13.7 157 140 13.1 13.4 
NG ites ae ean eee¥ ages 121 100 76 93 90 79 88 8.1 98 98 95 96 113 115 113 102 82 99 87 100 
EO 69 5.1 5.5 5.3 53 4.1 53 40 54 65.1 48 46 56 62 58 50 66 54 43 45 
EPSP PTT TT TTT 02 03 40.1 03 £01 0.1 03 40.1 02 03 02 02 02 02 02 0.1 02 02 02 0.1 
Father's education 
Grammar school orless....... 72 63 54 5.9 54 57 57 50 46 49 43 44 41 £=46 36 29 25 28 24 3.5 
Some high school........... 13.4 127 104 109 114 108 99 9.1 99 92 85 82 85 79 76 8667 54 57 56 5.5 
High school graduate......... 28.1 275 263 264 265 260 279 256 257 259 265 256 252 258 23.7 236 241 23.7 23.7 247 
Postsecondary (not college) NA NA 48 45 46 42 £41 42 37 43 36 4.1 41 46 44 46 45 45 50 49 
Some college .............. 179 174 159 155 138 141 141 149 140 140 146 137 150 139 148 153 142 153 149 £157 
College degree............. 212 195 204 202 204 214 206 225 229 216 223 227 220 226 225 226 236 232 239 23.1 
Some graduate school........ NA 3.1 25 24 26 28 25 26 28 3.1 2.8 26 28 25 32 3.1 34 32 3.1 2.6 
Graduate degree............ 12.1 136 143 14.1 153 15.1 15.1 161 163 17.1 #174 «186 183 #181 202 212 223 215 215 20.0 
Mother's education 
Grammar school orless....... 4.0 3.7 3.0 3.5 3.1 3.3 3.2 3.1 2.7 3.0 2.5 2.5 2.2 2.3 2.2 1.9 1.9 2.3 1.7 2.5 
Some high school........... 112 104 84 9.2 85 88 88 82 85 7.1 6.4 67 69 6.1 64 50 42 43 42 42 
High school graduate......... 435 419 39.7 391 402 389 407 395 386 389 391 3832 35 36 332 320 314 31 W3 309 
Postsecondary (not college) NA NA 8.1 8.1 7.1 8.1 7.4 7.0 7.4 6.9 7.1 6.8 74 8.2 72 8.0 8.3 78 79 78 
eee 197 201 164 162 161 156 152 158 158 172 169 164 174 16.1 181 186 182 182 183 18.1 
College degree............. 18.0 164 172 168 17.1 179 168 176 178 180 185 192 189 194 207 212 217 217 227 224 
Some graduate school........ NA 25 26 2.4 23 2.1 22 25 27 24 24 26 25 27 33 33 34 35 37 3.2 
Graduate degree............ 3.6 49 45 4.7 5.5 5.3 5.6 6.3 6.5 6.4 7.1 76 8.1 8.5 89 101 110 112 413112 #29110 
Father's occupation 
Artist (including performer)... . . 08 08 #=.YNA NA NA 10 07 O9 O89 10 O89 10 1.1 1.0 10 08 1.0 1.0 1.0 08 
Businessman .............. 33.0 33.2 NA NA NA 33.0 325 335 340 329 333 334 332 316 328 350 346 333 326 301 
Clergy or religious worker... .. . 1.2 12 NA NA NA 15 1.3 1.5 1.3 1.4 1.4 1.1 10 10 10 13 09 10 1.1 1.4 
College teacher............. 1.0 1.1 NA NA NA 1.1 1.2 1.1 0.9 1.0 1.2 1.1 1.1 1.0 13 10 1.2 1.2 1.0 0.9 
Doctor or dentist............ 25 27 #£=.\NA NA NA 3.1 26 3.1 27 30 28 32 30 28 28 3.2 3.1 3.1 3.0 2.8 
Education (secondary)........ 27 28 #=\NA NA NA 33 29 30 38 33 35 35 38 38 40 38 42 42 42 42 
Education (elementary) ....... 04 05 #$=.\NA NA NA O05 O06 O8 O58 O06 06 07 O7 0O8 07 OS O8 10 1.0 1.1 
eT OT ETETTTELES 7.0 74 NA NA NA 7.9 8.0 8.6 8.0 77 8.1 7.4 74 79 8.1 7.4 76 7.2 75 7.1 
Farmer or forester........... 5.7 52 #$=™\NA NA NA 48 39 35 34 38 47 42 37 41 46 29 29 29 29 3.3 
Health professional (non-MD)... 1.5 1.5 NA NA NA 1.1 1.3 1.8 1.4 1.3 1.3 1.4 1.4 1.3 1.3 1.3 1.4 1.5 1.1 1.1 
(continued) 
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1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in non-science/engineering fields 
Percent 
er 1.5 1.7 NA NA NA 2.0 1.7 18 1.7 1.9 2.0 22 22 20 2.1 2.3 25 2.3 24 2.1 
Military (career)............. 1.9 1.8 NA NA NA 2.0 1.9 1.8 1.6 1.7 1.8 1.7 2.2 1.3 1.3 2.0 1.6 15 18 1.7 
Research scientist........... 0.8 0.7 NA NA NA 0.6 0.6 0.7 0.7 0.6 0.7 0.6 07 O05 0.6 0.6 0.7 0.7 0.5 0.5 
Skilled worker.............. 109 106 NA NA NA 8S S96 87 94 99 90 90 88 92 76 77 #79 90 87 90 
Semi-skilled worker.......... 6.6 55 NA NA NA 50 53 43 49 45 40 38 42 42 39 33 32 3.1 33 37 
Laborer (unskilled)........... 3.1 3.6 NA NA NA 3.3 3.2 28 3.0 2.9 2.5 2.9 29 26 3.1 2.3 23 26 2.7 2.7 
Unemployed............... 1.1 18 NA NA - NA 19 20 21 19 22 17 20 27 23 24 23 19 19 20 23 
Other.................... 184 179 NA NA NA 191 206 203 200 203 205 209 200 226 216 219 222 223 23.1 253 
Mother’s occupation 
Artist (including performer)... . . 0.9 09 NA NA NA 1.3 13 14 1.3 1.4 1.6 1.7 18 13 18 18 18 2.0 18 16 
Businesswoman ............ 46 55 NA NA NA 62 74 74) 81 86 105 97 107 117 135 147 148 144 139 144 
Business (clerical)........... 94 110 NA NA NA 99 107 104 108 115 115 114 116 119 113 113 121 108 110 100 
Clergy or religious worker... ... 0.0 0.1 NA NA NA 01 0.1 0.1 02 0.1 0.1 02 01 £01 0.1 01 0.1 02 02 02 
College teacher............. 0.5 04 NA NA NA O04 O04 O38 03 O04 O5S O04 04 O85 04 O03 04 05 O05 06 
Doctor or dentist ............ 0.1 02 NA NA NA 014 02 02 0.1 02 02 03 02 O03 04 O06 04 06 04 06 
Education (secondary)........ 2.5 32 NA NA NA 30 27 30 £32 3.1 37 41 32 38 38 43 44 45 48 46 
Education (elementary) ....... 48 54 NA NA NA 61 60 65 63 58 6.1 67 60 62 65 69 78 80 82 739 
DD ch te wo eccceecees 0.1 00 NA NA NA 01 00 860.1 0.1 00 8 0.1 0.1 01 O41 02 02 02 02 02 02 
Farmer or forester........... 0.1 02 NA NA NA 01 0.1 0.1 02 02 03 O04 02 03 04 O01 O3 03 03 03 
Health professional (non-MD)... 1.2 12 NA NA_~ NA 1.6 1.5 1.4 15 1.8 1.6 17 22 18 2.0 18 17 20 24 22 
Homemaker (full-time) ........ 53.0 36.6 NA NA NA 365 327 330 300 284 246 230 249 240 220 196 180 174 159 155 
PcG Rb pWeecccecocces 0.0 0.1 NA NA NA 0.1 0.1 0.1 0.1 0.1 0.2 0.1 02 02 04 O02 03 03 04 04 
rer 4.1 49 NA NA NA 6.2 6.0 6.4 6.5 6.7 73 7.1 78 8.1 79 7.0 6.8 72 76 8.0 
Research scientist........... 0.0 00 NA NA NA O14 0.1 00 OO 0.1 0.1 0.1 03 01 0.1 01 O14 0.1 01 0.1 
Social/welfare worker......... 0.7 09 NA NA NA OS 1.2 1.0 1.2 1.0 1.4 1.3 1.1 13 13 14 «15 14 14 14 
Skilled worker.............. 1.2 16 NA NA ~ NA 1.3 15 1.6 1.6 1.7 15 18 19 18 16 17 21 1.9 22 18 
Semi-skilled worker.......... 2.4 25 NA NA NA 27 30 27 £=27 32 27 30 29 2° 2 22 2.1 23 27 
Laborer (unskilled)........... 1.5 18 NA NA NA 1.9 1.9 18 24 22 18 20 18 816 1 5 14 18 15 16 
Unemployed............... 29 105 NA NA NA 85 78 78 83 #77 #=%78 80 63 59 = §57 2 55 53 53 52 
SS 10.0 13.1 NA NA NA 128 153 146 155 158 166 170 16° 164 168 8 182 192 197 208 
Student's probable career 
Accountant or actuary ........ 4.1 3.7 NA NA NA 78 85S 85 79 86 83 82 82 93 96 79 79 79 860 71 
DP kctéeaveceececess 16 17 NA NA~ NA 1.5 1.6 1.9 1.6 1.6 1.0 1.1 10 13 2 14 13 15 18 16 
Business (management)....... 5.7 5.9 NA NA NA 98 113 123 132 133 144 141 154 168 169 178 177 469 158 135 
Clinical psychologist.......... 0.1 0.1 NA NA NA 01 0.1 0.1 0.1 0.1 0.1 0.1 01 02 0.1 02 02 02 02 02 
College teacher............. 0.9 08 NA NA NA O6 O05 O04 O03 #O3 O02 03 O04 O04 03 04 04 04 06 04 
Computer programmer........ 0.4 04 NA NA~ NA 1.0 1.3 16 2.1 3.1 3.6 48 47 3.1 25 17) «141 12 10 8610 
Conservationist or forester... . . 18 16 NA NA NA 1.0 14 09 O06 O68 O8 04 03 02 03 02 02 03 03 04 
DRC P i cceeesseccesss 04 02 NA NA NA O04 O05 O03 O85 O7 O86 07 O06 O04 04 03 04 04 04 05 
(continued) 
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1980 1981 1982 1983 1984 1985 
Freshmen planning to major in non-science/engineering fields 
Percent 
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Appendix table 2-5. 

Selected characteristics of American college freshmen: 1971-90 

(page 7 of 7) 

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Freshmen planning to major in non-science/engincering fields 
Percent 

Highest degree planned 
OS TTT Tre NA 1.5 NA 22 28 22 1.6 1.5 1.2 1.3 1.5 15 25 1.7 2.3 1.8 17 20 09 13 
Associate or equivalent ....... NA 1.4 NA 22 1.6 17 22 16 2.1 2.1 19 20 1.3 1.6 10 Og 0.8 1.5 09 08 
Bachelors................. NA 415 NA 440 416 404 394 400 393 407 401 395 376 395 387 377 374 318 325 304 
Masters .................. NA 288 NA 309 323 329 334 339 347 330 351 336 351 345 361 384 393 412 418 421 
Doctorate................. NA 7.4 NA 7.1 73 @©6©80 77 76 7.1 7.0 76 #679 76 84 75 820 86 10.1 98 108 
Professional (e.g.,.MD,DDS)... NA _ 10.7 NA 66 60 63 78 82 77 8.0 7.4 7.9 75 73 8.1 7.1 60 6.1 66 7.1 
Pree NA 6.6 NA 4.1 53 53 £51 5.0 5.1 49 47 53 52 48 38 4.1 44 5.2 54 51 
Divinity..............2.... NA 0.6 NA O07 O05 O05 O06 O58 06 0.4 03 04 O05 04 05 02 03 04 04 05 
Other.................... NA 1.5 NA 22 26 25 23 17 22 2.6 1.3 18 26 1.8 20 17 15 1.7 16 19 


NA = data not collected 
SOURCE: Higher Education Research Institute, University of California at Los Angeles, unpublished tabulations 
See figures 2-2 and 2-3. 
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Appendix table 2-6. 


Undergraduate enroliment in engineering and engineering technology programs: 1979-89 


1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Engineering programs 
Total enroliment........... 366.299 397.344 420402 435,330 441,205 429.499 420,864 407.657 392.198 385,412 378,277 
Total fulltime ............. 340,488 365,117 387,577 403,390 406,144 394.635 384,191 369,520 356,998 346,169 338,529 
Freshman............. 103,724 110,149 115.280 115,303 109,638 105,249 103,225 99,238 95.453 98,009 95,420 
Sophomore............ 78,594 84,982 87,519 89,785 89,515 83,946 79,627 76,195 73,317 71,030 71,267 
dumlor... ee eee 74,926 80,024 86,633 90,541 91,233 89,509 84.875 80,386 77,085 73,761 70,483 
Senior................ 77,823 84,442 92,414 102,055 109,036 109,695 110.305 107,773 104,003 97,614 94,465 
Fifth year ............. 5,419 5,520 5,731 5,706 6,722 6,236 6,159 5,928 7,140 5,755 6.894 
Total parttime ............ 25,811 32,227 32,825 31,940 35,061 34,864 36,673 38,137 35,200 39,243 39,748 
Total number of schools ..... 286 287 286 286 292 289 297 311 316 320 323 
ABET-accredited schools’... . 239 246 250 249 258 258 264 270 277 281 284 
Engineering technology programs 
Total enroliment........... NA NA 191,152 176,133 163,226 157,897 123,571 137,390 128,501 131,704 127,687 
Total fulltime............. NA NA 134,444 120,342 112,745 111,446 83,038 90,536 80,600 79,624 76,179 
Firstyear............. NA NA 65,893 59,339 53,032 46,806 34,389 39,177 32,685 33,477 32,225 
Second year........... NA NA 40,774 36,807 33,799 31,716 23,293 25,612 22,906 21,852 21,627 
Other full-time associates . . NA NA 872 797 925 1,165 466 657 1,404 1,760 1,810 
Bachelor of engineering 
technology third and 
lateryears.......... NA NA 26,905 23,399 24,989 31,759 24,890 25.090 23,605 22,535 20,517 
Total parttime ............ NA NA 56,708 55,791 50,481 46,451 40,533 46,854 47.901 52.080 51,508 
Number of schools ......... NA NA NA NA NA NA 200 257 


NA = not available 


‘Schools with at least one curriculum accredited by the Accreditation Board of Engineering and Technology (ABET) 
SOURCE: Engineering Manpower Commission, American Association of Engineering Societies, Engineering & Technology Enroliments, Fall 1989, Parts | and 1/ (Washington. DC: AAES. 1990) 


See figure 2-4. 
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Appendix table 2-7. 
Bachelors degree conferrals, by field and gender: 1980-89 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Total 

Total, all baccalaureates ....... 940,251 946.877 964.043 980.679 986,345 990,880 1,000,352 1,003,532 1,006,033 1,030,171 

Total science and engineering ... 291,983 294,867 302,118 307.229 314,666 321,739 323,950 318,942 308,760 307.580 

Total sciences............... 232,743 230,799 234,327 234,275 238,135 243,868 246,889 244237 238,354 240,366 
Physical sciences ........ 17,506 17,481 17,311 16199 15,834 16271 15,786 15466 14,263 14,148 
Mathematics............ 11,473 11,173 11,708 12,557 13,342 15,267 16388 16626 16,122 15,439 
Computer sciences ....... 11,213 15,233 20431 24682 32435 39121 42,195 39927 34896 30,963 
Environmental sciences 6,155 6,694 7,061 7,298 7,925 7,576 6,076 4,689 3,554 3,181 
Life sciences............ 71,617 68,086 65,041 63,237 59613 57812 56465 56215 54280 52,612 
Psychology............. 42,513 41,364 41,539 40825 40375 40237 40,937 43.195 45,378 48,954 
Social sciences.......... 72,266 70,768 71,236 69.477 68.611 67584 69,042 68,119 69,861 75,069 

Total engineering ............ 59,240 64,068 67,791 72954 76531 77871 77.061 74,705 70406 67,214 

Men 

Total, all baccalaureates ....... 477,750 474,336 477,543 483,395 486,750 486.662 490,306 485,003 481,236 487,566 

Total science and engineering... 186,009 186,425 188,957 191,617 196.650 200,301 200,893 194633 186.671 183,787 

Total sciences............... 132,783 129,474 129,503 128,382 130,952 133,746 135,035 131.401 127,105 126,817 
Physical sciences ........ 13,317 13,167 12,779 11,586 11,177 11,434 11,090 10,793 9677 9,777 
Mathematics............ 6,625 6,392 6,650 7,059 7,428 8,231 8,772 8,900 8,662 8,333 
Computer sciences ....... 7,814 10,280 13,316 15690 20369 24690 27,069 26.038 23543 21,418 
Environmental sciences .... 4,693 5,028 5,254 5,450 5,991 5,715 4,722 2,629 2.707 2.380 
Life sciences............ 44,021 40,610 38,115 36677 34,253 32664 31,643 31592 29.731 28,787 
Psychology............. 15,590 14447 13,756 13,228 12949 12815 12691 13399 13,584 14.291 
Social sciences.......... 40,723 39,550 39,633 38692 38,785 38197 39,048 38.050 39,201 41.831 

Total engineering ............ 53,226 56.951 59.454 63,235 65.698 66555 65,858 63,232 59566 56970 

Women 

Total, all baccalaureates ....... 462,501 472,541 486,500 497,284 499,595 504218 510,046 518529 524,797 542,604 

Total science and engineering... 105,974 108,442 113,161 115,612 118,016 121,438 123,057 123,309 122,089 123,793 

Total sciences............... 99,960 101,325 104,824 105,893 107,183 110,122 111,854 111,836 111,249 113,549 
Physical sciences ........ 4,189 4,314 4,532 4,613 4,657 4,837 4,696 4,673 4,586 4,371 
Mathematics............ 4848 4,781 5,058 5,498 5.914 7,036 7,616 7,726 7,460 7,106 
Computer sciences ....... 3,399 4,953 7,115 8,992 12,066 14431 15.126 13,889 11,353 9,545 
Environmental sciences.... 1,462 1,666 1,807 1,848 1,934 1,861 1,354 1,060 847 801 
Life sciences............ 27,596 27.476 26,926 26,560 25,360 25,148 24822 24623 24549 23,825 
Psychology............. 26,923 26.917 27,783 27,597 27.426 27,422 28,246 29,796 31,794 34,663 
Social sciences.......... 31,543 31,218 31,603 30,785 29,826 29,387 29,994 30,069 30660 33,238 

Total engineering ............ 6,014 7,117 8,337 9719 10833 11,316 11,203 11473 10840 10,244 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees: 1966-89. A Source Book, NSF 91-314. Detailed 
Statistical Tables (Washington, DC: NSF, 1991). 


See figure 2-5 and figure O-15 in Overview. 
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Appendix table 2-8. 

Bachelors degree conferrals, by field and racial/ethnic group: 1977-89 

(page 1 of 2) 

Field’ 1977 1979 1981 1985 1987 1989 

Total, U.S. citizens and permanent residents 

Total science and engineering. 326,418 322,195 322,189 345,400 339,934 336,582 

Total sciences ............ 280,325 264,192 253,803 257,992 254,800 257,857 
Physical sciences’ 22,038 22,659 23,441 22,892 19,027 16,482 
Mathematics........... 13,977 11,534 10,717 14,212 15,506 14,524 
Computer sciences ...... 6,161 8,392 14,455 36,692 35,943 27,721 
Life sciences’ .......... 74,230 71,442 64,560 55,479 51,729 48,561 
Psychology............ 47,297 42,561 40,878 39,406 41,248 47,396 
Social sciences‘ ........ 116,622 107,604 99,752 89,311 91,347 103,173 

Total engineering®.......... 46,093 58,003 68,386 87.408 85,134 78,725 

White, non-Hispanic 

Total science and engineering. 290,175 284,852 281,924 299,662 289,700 283,260 

Total sciences ............ 248,103 232,201 221.068 223,357 217,834 218,035 
Physical sciences’....... 20,417 20,958 21,249 20,541 16.653 14,238 
Mathematics........... 12,602 10,229 9,447 12,163 13,265 12,287 
Computer sciences ...... 5,508 7,404 12,566 31,321 29,181 21,711 
Life sciences’.......... 67,891 64,445 57,529 48,248 44,034 40,594 
Psychology............ 41,494 36,648 34,718 33,959 35,761 40,506 
Social sciences‘ ........ 100,191 92,517 85,559 77,125 78,940 88,699 

Total engineering®.......... 42,072 52,651 60,856 76,305 71,866 65,225 

Black, non-Hispanic 

Total science and engineering. 19,455 18,743 18,828 18,075 18,279 18.405 

Total sciences ............ 18,070 16,968 16,379 14,933 14,859 15,251 
Physical sciences’....... 692 704 911 830 823 697 
Mathematics........... 712 652 585 770 834 792 
Computer sciences ...... 361 507 786 2,143 2,820 2,457 
Life sciences’ .......... 2,724 2,837 2,650 2.417 2,185 2,225 
Psychology............ 3,221 3,218 3,308 2,667 2.451 2,743 
Social sciences‘ ........ 10,360 9,050 8,139 6,106 5,746 6,337 

Total engineering®.......... 1,385 1,775 2,449 3,142 3,420 3,154 

Asian 

Total science and engineering . 6,096 7,080 9,027 13,791 17,612 19,734 

Total sciences ............ 4,885 5,222 5,961 8,784 11,234 12,831 
Physical sciences’....... 377 439 599 763 894 922 
Mathematics........... 316 324 392 885 1,034 1,019 
Computer sciences...... 163 263 669 2,044 2.455 2,268 
Life sciences’.......... 1,558 1,788 1,807 2,197 2.844 3,146 
Psychology............ 807 781 843 845 1,154 1,575 
Social sciences‘ ........ 1,664 1,627 1,651 2,050 2,853 3,901 

Total engineering®.......... 1,211 1,858 3,066 5,007 6,378 6,903 


(continued) 
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Appendix table 2-8. 

Bachelors degree conferrals, by field and racial/ethnic group: 1977-89 

(page 2 of 2) 

Field’ 1977 1979 1981 1985 1987 1989 

Native American 

Total science & engineering.... 1,155 1,187 1.202 1.484 1,350 1,323 

Total sciences.............. 1,020 1,023 1,007 1,175 1,067 1,048 
Physical sciences’ ........ 68 63 65 98 72 62 
Mathematics ............ 26 41 18 59 52 53 
Computer sciences........ 15 11 21 139 112 90 
Life sciences’............ 270 233 233 231 202 215 
Psychology ............. 167 177 196 201 180 420 
Social sciences*‘.......... 474 498 474 447 449 208 

Total engineering®’........... 135 164 195 309 283 275 

Hispanic 

Total science & engineering.... 9,537 10,333 11,208 12,388 12,993 13,860 

Total sciences.............. 8,247 8.778 9,388 9.743 9,806 10,692 
Physical sciences’ ........ 484 495 617 660 585 563 
Mathematics ............ 321 288 275 335 321 373 
Computer sciences........ 114 207 413 1,045 1,375 1,195 
Life sciences’............ 1,787 2,139 2,341 2,386 2,464 2,381 
Psychology ............. 1,608 1,737 1,813 1,734 1,702 2,152 
Social sciences‘.......... 3,933 3,912 3,929 3,583 3,359 4,028 

Total engineering®........... 1,290 1,555 1,820 2,645 3,187 3.168 


NOTES: Data by racial/ethnic group are collected on a biennial schedule; data are provided by institutions: imputations are done for some nonresponse Racial ethnic 
Categories are designated on the survey form. These categories include U.S. citizens and foreign citizens on permanent visas. Data are not available by racial ethnic 
group for foreign citizens on temporary visas. 

‘Data on racial/ethnic groups are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the National 
Science Foundation. 


“includes environmental sciences. 


‘Excludes health sciences. 
“For 1977 to 1981, social sciences included Afro-American black cultural studies and American indian studies. 
‘Includes engineering technology. Racial/ethnic data for engineering and engineering technology can only be separated for 1985 and 1987 


SOURCE: Science Resources Studies Division, National Science Foundation. unpublished tabulations from the Completion Survey conducted by the National Center 
for Education Statistics. 
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Appendix table 2-9. 
Freshman intentions as predictor of science and engineering 


bachelors degrees 


Social & 
Computer Natural behavioral 
Enai , . 
Freshman intentions’ 
enenen “Percent — 
1977 ........ 9.5 0.9 11.8 95 
1978 ........ 10.1 1.5 11.6 94 
1979 ........ 10.5 1.8 10.1 9.0 
1980 ........ 11.4 25 9.2 8.3 
1981 ........ 11.1 3.8 9.4 7.7 
1982 ........ 12.0 49 8.7 72 
1983 ........ 11.5 49 9.1 7.6 
1984 ........ 11.0 3.5 9.1 8.6 
1985 ........ 10.5 2.5 8.5 9.0 
1986 ........ 10.2 1.9 8.2 9.5 
nT 606 64s 4% 9.5 1.6 7.7 10.0 
1988 ........ 8.9 1.6 78 11.3 
1989 ........ 98 1.6 8.2 11.0 
1990 ........ 9.7 1.7 8.4 11.0 
Share of bachelors degrees’ 
1980 ........ 6.3 1.2 11.4 12.2 
1981 ........ 6.8 1.6 10.9 11.8 
1982 ........ 7.0 2.1 10.5 11.7 
1983 ........ 7.4 2.5 10.1 11.2 
1984 ........ 78 3.3 98 11.0 
1985 ........ 7.9 3.9 9.8 10.9 
1986 ........ 7.7 42 95 11.0 
1987 ........ 7.4 4.0 9.3 11.1 
1988 ........ 7.0 3.5 8.8 11.5 
1989 ........ 6.5 3.0 8.3 12.6 


‘Percentage of freshmen at 4-year colleges and universities who plan to major in a 
science or engineering field. 

*Science and engineering bachelors degrees as a pecentage of all bachelors degrees. 
SOURCES: Science Resources Studies Division, National Science Foundation, 
unpublished tabulations; and Higher Education Research institute, University of 
California at Los Angeles, unpublished tabulations. 

See figure 2-6. Science & Engineering indicators — 1991 
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Appendix table 2-10. 
Science and engineering graduate students, by fieid and gender: 1980-90 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total 
Total science & engineering .. 327,533 334,059 340,707 349,547 352,027 360,722 370,487 375,632 378,274 386,047 401,569 


Total sciences ............ 252.449 253,580 256.126 257,610 258.383 263,771 267.416 270.988 274555 281.232 292.270 
Physical sciences ....... 26,952 27,382 28.199 29.466 30,064 30995 32.260 32.738 32972 33.628 34337 
Mathematics........... 15,360 15915 17,199 17,397 17,478 17,613 17,990 18573 19,141 19382 19,884 
Computer sciences ...... 13,578 16437 19812 23,616 25810 29.844 31425 32.137 32,787 32,846 34,507 
Environmental sciences... 14,208 14422 15,174 15,544 15612 15545 15,163 14522 14,032 13,848 14,159 
Life sciences........... 60,144 59,079 58.624 58345 58233 57918 58545 58456 59316 60655 62,104 
Psychology............ 40,636 40,691 40,082 41,039 41,074 41,308 41,551 42888 44389 46304 48,659 
Social sciences......... 81,571 79,654 77,036 72,203 70,112 70548 70482 71,674 71,918 74569 78,620 

Total engineering.......... 75,084 80.479 84,581 91937 93,644 96951 103,071 104644 103,719 104.815 109,299 

Men 


Total science & engineering .. 232,753 233,604 236,602 242,234 243,683 249,089 255,324 257,686 256,113 258,889 266,292 


Total sciences ............ 164,172 161,056 160,987 160,276 160,574 163,470 164,922 166,131 165.719 167,874 171,954 
Physical sciences ....... 22.352 22,366 22.776 23,586 23,904 24483 25.395 25620 25.473 25.825 26,223 
Mathematics........ _. 11,272 11,419 12,109 12,184 12295 12227 12501 12944 13,348 13,359 13,646 
Computer sciences ...... 10,491 12228 14,366 16968 18905 22387 23,677 24233 24564 24880 26,316 
Environmental sciences... 10,940 10,945 11,393 11,593 11694 11,571 11,183 10,708 10164 9923 9994 
Life sciences........... 38,939 37,580 36335 35,755 35,473 34904 34965 34776 34695 35.013 35,367 
Psychology............ 19.036 17,902 16977 16687 16,216 15,778 15,459 15.744 15643 15.906 15,963 
Social sciences......... 51,142 48,616 47,031 43,503 42.087 42,120 41,742 42,106 41832 42968 44445 

Total engineering.......... 68,581 72,548 75.615 81,958 83,109 85619 90.402 91555 90394 91015 94338 

Women 


Total science & engineering .. 94,780 100,455 104,105 107,313 108,344 111,633 115.163 117,946 122.161 127,158 135,277 


Total sciences............ 88,277 92,524 95,139 97,334 97,809 100,301 102,494 104,857 108,836 113,358 120,316 
Physical sciences... 4,600 5,016 5423 5880 6160 6512 6865 7,118 7499 7803 8114 
Mathematics. 4,088 4496 5090 5213 5183 5386 5489 5629 5,795 6023 6238 
Computer sciences. 3,087 4,209 5.446 6648 6905 7.457 7.748 7,904 8223 7,966 8,191 
Environmental sciences... 3,268 3,477 3,781 3,951 3,918 3,974 3980 3814 3,868 3,925 4.165 
Life sciences........... 21,205 21,499 22,289 22,590 22,760 23,014 23,580 23,680 24,621 25,642 26,737 
Psychology. . 21,600 22,789 23,105 24,352 24,858 25,530 26,092 27,144 28,746 30,398 32,696 
Social sciences... 30,429 31,038 30,005 28,700 28,025 28,428 28,740 29,568 30,086 31,601 34,175 

Totalengineering. ss 6,503 7,931 8,966 9,979 10,535 11,332 12,669 13,089 13,325 13,800 14,961 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 
Fall 1990, NSF 91-320 (Washington, DC: NSF, 1991), unpublished tabulations; and annual senes 
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Appendix table 2-11. 
Science and engineering graduate students, by field and racial/ethnic group: 1983-90 
(page 1 of 2) 
1983 1984 1985 1986 1987 1988 1989 1990 
Total, U.S. citizens’ 
Total science & engineering. . 278,994 279,554 283,741 286,279 287.606 284 243 287.681 299,110 
Total sciences........... 214,676 213,916 215,725 215,349 216,457 215,893 219,731 227,938 
Physical sciences... .. . 21,805 22,017 . 22,054 22,232 22.110 21,860 21,820 21,826 
Mathematics ......... 12,442 12,285 12,262 12,179 12,443 12,716 12,711 13,443 
Computer sciences... . . 18,068 19,451 22.386 23,419 23,409 23,717 23,122 23,778 
Environmental sciences . 13,679 13,808 13.651 13,067 12,299 11,589 11,247 11,442 
Life sciences ......... 49 567 49.208 48 366 47,918 47,785 46,612 46,878 47,391 
Psychology .......... 39,605 39,685 39,811 40,047 41,346 42.726 44,652 46,819 
Social sciences ....... 59,510 57,462 57.195 56,487 57.065 56.673 59.301 63,239 
Total engineering......... 64,318 65,638 68,016 70,930 71,149 68,350 67,950 71,172 
White 
Total science & engineering. 226,010 224,118 224,898 228,655 230,170 230,855 232,012 241,210 
Total sciences........... 176,909 174,289 174,063 175,249 175,991 178,030 180,165 186,869 
Physical sciences...... 18,657 18,595 18,338 18,565 18,098 18,292 18,328 18,570 
Mathematics ......... 10,293 9,976 9.818 9,547 9.695 10,188 10,174 10,705 
Computer sciences... . . 13,482 13,983 15,569 16,498 17,149 17,660 16,665 17,436 
Environmental sciences . 12,322 12,021 11,860 11,654 11,035 10,531 10,309 10,476 
Life sciences ......... 43,665 43,725 42,051 41,767 40,532 40,454 40,107 40,343 
Psychology .......... 32,665 32,143 32,741 33,285 34,872 36,120 37.815 39.511 
Social sciences ....... 45,825 43,846 43,686 43,933 44,610 44,785 46.767 49 828 
Total engineering......... 49,101 49,829 50,835 53,406 54,179 52,825 51,847 54,341 
Black 
Total science & engineering. 11,045 10,781 10,587 10,580 10,510 11,246 11,779 12.891 
Total sciences........... 9,634 9,306 9,165 9,071 9,075 9,713 10,131 11,081 
Physical sciences...... 575 596 535 524 536 569 633 653 
Mathematics ......... 404 394 410 450 442 422 463 512 
Computer sciences... . . 564 561 609 686 750 825 838 984 
Environmental sciences . 111 108 122 98 95 108 96 125 
Life sciences ......... 1,296 1,295 1,332 1,238 1,194 1,304 1,372 1,441 
Psychology .......... 1,911 1,933 1,815 1,815 1,825 1,983 2,094 2.289 
Social sciences ....... 4,773 4,419 4,342 4.260 4,233 4,502 4,635 5.077 
Total engineering......... 1,411 1,475 1,422 1,509 1,435 1,533 1,648 1,810 
Asian 
Total science & engineering . 9,393 10,208 12,049 12,883 14,639 15,256 15.778 17,474 
Total sciences........... 5,974 6,374 7,222 7,697 8,754 9,289 9.745 10.699 
Physical sciences...... 748 891 937 912 1,047 1,213 1,141 1.217 
Mathematics ......... 564 565 625 707 771 759 710 900 
Computer sciences... .. 1,099 1,251 1,853 2,078 2,463 2,690 2.748 2.864 
Environmental sciences . 239 187 193 152 181 210 211 267 
Life sciences ......... 1,409 1,460 1,602 1,716 1,846 2,035 2,263 2,585 
Psychology .......... 532 545 559 619 728 752 821 964 
Social sciences ....... 1,383 1,475 1,453 1,513 1,718 1,630 1,851 1,902 
Total engineering......... 3,419 3,834 4,827 5.186 5,885 5,967 6.933 6.775 


(continued) 
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Appendix table 2-11. 

Science and engineering graduate students, by field and racial/ethnic group: 1983-90 

(page 2 of 2) 

1983 1984 1985 1986 1987 1988 1989 1990 
Native American 

Total science & engineering 919 835 741 752 788 928 859 1,048 

Total sciences............ 738 643 619 620 664 784 734 891 
Physical sciences....... 45 77 35 48 46 52 44 63 
Mathematics .......... 32 23 22 32 48 32 34 20 
Computer sciences ..... 22 48 56 20 27 40 41 42 
Environmental sciences 27 23 23 21 bbe) 29 27 30 
Life sciences.......... 153 108 109 130 118 139 110 157 
Psychology ........... 136 116 136 135 153 179 181 236 
Social sciences ........ 323 248 238 234 253 313 297 343 

Total engineering.......... 181 192 122 132 124 144 125 157 

Hispanic 

Total science & engineering... 8,928 8,715 8,637 8,713 8,842 9,132 9,487 10,502 

Total sciences............ 7,463 7,193 7,140 7,071 7,108 7,401 7,762 8,547 
Physical sciences....... 563 535 599 629 591 624 680 641 
Mathematics .......... 331 292 262 270 266 328 305 370 
Computer sciences ..... 282 292 481 445 544 517 546 566 
Environmental sciences 226 263 241 239 228 211 213 241 
Life sciences.......... 1,138 1,103 1,263 1,265 1,262 1,405 1,510 1,530 
Psychology ........... 1,814 1,903 1,613 1,709 1,669 1,728 1,756 2,159 
Social sciences ........ 3,109 2,805 2,681 2,514 2,548 2,588 2,752 3,040 

Total engineering.......... 1,465 1,522 1,497 1,642 1,734 1,731 1,725 1,955 


NOTE: Data on racial/ethnic groups are only available for U.S. citizens. 


‘Total includes racial/ethnic group unknown. 
SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 


Fall 1990, NSF 91-320 (Washington, DC: NSF, 1991), unpublished tabulations; and annual series 


See figure 2-8. 
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Appendix table 2-12. 
First year full-time science and engineering graduate enroliment, by field and gender: 1982-90 
1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total 


Total science & engineering... 70,351 72,405 70,829 71,771 73,618 71,508 71,484 75,506 76,934 


Total sciences............. 51,969 53,140 51,666 53,335 53,029 52,006 52,145 55,566 56,681 
Physical sciences ....... 6,185 6,705 6,513 6,645 6,935 6,779 6,528 6,842 6,817 
Mathematics............ 3,694 3,600 3,738 3,985 4,029 3,900 3,919 4,224 4,244 
Computer sciences...... 3,330 3,898 4,056 4,774 5,033 5,135 5,229 5,707 5,396 
Environmental sciences . 3,648 3,775 3,387 3,275 3,091 2,609 2,603 2,672 2,707 
Life sciences ........... 12,540 12,700 12,528 12,305 12,172 12,037 12,011 12,416 12,770 
Psychology............. 7,567 7,804 7,558 7,837 7,703 7,874 8,258 9,115 8,800 
Social sciences....... . 15,005 14,658 13,886 14,514 14,066 13,672 13,597 14,590 15,947 

Total engineering........... 18,382 19,265 19,163 18,436 20,589 19,502 19,339 19,940 20,253 

Men 


Total science & engineering.. 48,019 49,403 48,399 48,324 49,782 48,049 47,207 49,345 49,710 


Total sciences............ 31,909 32,504 31,604 32,306 31,930 31,202 30,644 32,286 32,497 
Physical sciences ...... 4,747 5,144 5,025 5,099 5,280 5,145 4,812 5,039 5,011 
Mathematics.......... 2,582 2,458 2,622 2,732 2,777 2,623 2,637 2,773 2,821 
Computer sciences ..... 2,450 2,894 2,992 3,620 3,874 3,941 3,967 4,426 4,208 
Environmental sciences . . 2,650 2,753 2,482 2,364 2,245 1,854 1,804 1,825 1,863 
Life sciences.......... 7,363 7,448 7,325 7,076 6,819 6,714 6,646 6,810 6,853 
Psychology........... 2,961 3,001 2,849 2,899 2,700 2,858 2,747 2,965 2,791 
Social sciences........ 9,156 8,806 8,309 8,516 8,235 8,067 8,031 8.448 8,950 

Total engineering ......... 16,110 16,899 16,795 16,018 17,852 16,847 16,563 17,059 17,213 

Women 


Total science & engineering.. 22,332 23,002 22.430 23,447 23,836 23,459 24,277 26,161 27,224 


Total sciences............ 20,060 20,636 20,062 21,029 21,099 20,804 21,501 23,280 24,184 
Physical sciences ...... 1,438 1,561 1,488 1,546 1,655 1,634 1,716 1,803 1,806 
Mathematics.......... 1,112 1,142 1,116 1,253 1,252 1,277 1,282 1,451 1,423 
Computer sciences ..... 880 1,004 1,064 1,154 1,159 1,194 1,262 1,281 1,188 
Environmental sciences . . 998 1,022 905 911 846 755 799 847 844 
Life sciences.......... 5,177 5,252 5,203 5,229 5,353 5,323 5,365 5,606 5,917 
Psychology........... 4,606 4,803 4,709 4,938 5,003 5,016 5,511 6,150 6,009 
Social sciences........ 5,849 5,852 5,577 5,998 5,831 5,605 5,566 6,142 6,997 

Total engineering ......... 2,272 2,366 2,368 2,418 2,737 2,655 2,776 2,881 3,040 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 
Fail 1990, NSF 91-320 (Washington, DC: NSF, 1991), unpublished tabulations; and annual series 
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1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total 
Total science & engineering... 117,937 118,977 119,845 125.129 126,063 126.980 125.631 126.636 133,948 
Total sciences............ 83,589 81,361 81,729 84,461 83,700 84,503 85,312 86.537 91.196 
Physical sciences....... 4,159 4,261 4.212 4.326 4,496 4.324 4.398 4.435 4.764 
Mathematics........... 6,376 6,433 6,159 5,780 5,592 5.524 5.618 5.677 6.014 
Computer sciences...... 10,641 12,929 14,223 15,743 16,115 16,565 17,191 16.838 17.635 
Environmental sciences. . . 3,738 3,495 3,793 4,106 3,840 3,979 3,736 3.710 3,864 
Life sciences .......... 11,744 11,397 11,003 11,459 11,138 10,684 10,558 10.745 11,458 
Psychology ........... 14,270 14,338 14,966 15,539 15,030 15,391 15.909 16.132 17.667 
Social sciences......... 32,661 28,508 27,373 27,508 27,489 28,036 27.902 29.000 29.794 
Total engineering.......... 34,348 37,616 38,116 40.668 42,363 42,477 40.319 40.099 42.752 
Men 
Total science & engineering... 79,676 80,012 80,587 83,927 84.445 84,648 82.464 82.489 86.292 
Total sciences............ 48,887 46,621 46,821 48.176 47,608 47,900 47,750 47.944 49.680 
Physical sciences...... 3,135 3,215 3,149 3,242 3,372 3,236 3,265 3,290 3,495 
Mathematics........ 4,080 4,140 3,963 3,612 3,503 3,453 3,540 3,590 3,819 
Computer sciences...... 7,506 8.930 10,080 11,336 11,702 11,988 12,367 12.174 12,944 
Environmental sciences. . . 2,785 2,555 2.765 2,997 2,793 2,882 2.658 2.576 2.649 
Life sciences .......... 6,564 6,196 6,004 6,141 5,886 5,711 5,383 5.431 5,774 
Psychology ........... 5,696 5,282 5,460 5,422 5,127 5.260 5.328 5.237 5.206 
Social sciences......... 19,121 16,303 15,400 15,426 15,225 15,370 15.209 15.646 15.793 
Total engineering.......... 30,789 33,391 33,766 35,751 36,835 36,748 34,714 34,545 36612 
Women 
Total science & engineering.. 38,261 38,965 39,258 41,202 41,620 42.332 43.167 44.147 47.656 
Total sciences............ 34,702 34,740 34,908 36,285 36.092 36,603 37.562 38.593 41516 
Physical sciences....... 1,024 1,046 1,063 1,084 1,124 1,088 1,133 1.145 1,269 
Mathematics........... 2,296 2,293 2,196 2.168 2,089 2,071 2,078 2.087 2.195 
Computer sciences...... 3,135 3,999 4,143 4,407 4,413 4,577 4.824 4.664 4.691 
Environmental sciences. . . 953 940 1,028 1,109 1,047 1,097 1,078 1,134 1.215 
Life sciences .......... 5,180 5,201 4,999 5,318 5,252 4,973 5.175 5,314 5,684 
Psychology ........... 8.574 9,056 9,506 10,117 9,903 10,131 10,581 10.895 12,461 
Social sciences......... 13,540 12,205 11,973 12.082 12,264 12,666 12.693 13.354 14,001 
Total engineering.......... 3,559 4,225 4,350 4,917 5,528 5.729 5.605 5,554 6,140 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 


Fall 1990, NSF 91-320 (Washington, DC: NSF, 1991). unpublished tabulations: and annual series 
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Appendix table 2-14. 
Masters degree conferrais, by field and gender: 1980-89 


1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 


Total 
Total, all masters degrees ...... 299,095 296.798 296.580 290.931 285.462 287.210 289.823 290,532 300,091 311,050 
Total science and engineering... 54391 54,811 57.025 58.868 59569 61278 62526 63,018 63,897 66,026 
Total sciences............... 37,545 37,438 38431 39.147 39217 40072 41212 40,737 41,006 42.098 
Physical scienwres...... 2... 3,440 3,424 3,514 3,329 3,586 3,642 3.676 3,587 3,730 3,876 
Mathematics ............. 2,868 2,569 2.731 2,839 2,749 2,888 3,171 3,327 3434 3,431 
Coinputer sciences......... 3,647 4.218 4935 5,321 6,190 7,101 8.070 8.481 9.166 9,399 
Environmental sciences ..... 1,793 1,876 2,012 1,959 1,982 2,160 2.234 2.051 1,920 1,819 
Life sciences ............. 10,278 9,731 9,824 9,720 9,330 8,757 8.572 8,831 8.559 8,430 
Psychology .............. 7,861 8,039 7,849 8.439 8,073 8,481 8.363 8.165 7925 8,652 
Social sciences ........... 7,658 7,581 7,566 7,540 7,307 7,043 7.126 6.295 6272 6,491 
Total engineering............. 16.846 17.373 18594 19.721 20352 21206 21.314 22281 22891 23.928 
Men 
Total, all masiers degrees ...... 151,159 147,431 145,941 145.114 143.998 143,717 143,932 141,655 145.403 149,399 
Total science andengineering... 40,008 39,797 41,049 41,787 41894 42979 43,344 43480 44416 45,262 
Total sciences............... 24.352 23,830 24.139 23,942 23,701 24,101 24501 24040 24379 24.466 
Physical sciences.......... 2,801 2.743 2.765 2.636 2,736 2.811 2.759 2694 2838 2.836 
Mathematics ............. 1,832 1,692 1,821 1,859 1,795 1,877 2,055 2.026 2.057 2,061 
Computer sciences......... 2,883 3,247 3,625 3,813 4,379 5,064 5.658 5985 6702 #£26.773 
Environmental sciences ..... 1,457 1,470 1,560 1,515 1,517 1,639 1,717 1.531 1,433 1,337 
Life sciences ............. 6,952 6,451 6,315 6,111 5,728 5,265 5.022 5.180 5,011 4 849 
Psychology .............. 3,397 3,371 3,228 3,254 2.980 3,064 2.937 2838 2599 2614 
Social sciences ........... 5,030 4,856 4.825 4,754 4,566 4,381 4,353 3.786 3,739 3.796 
Total engineering............. 15,656 15,967 16,910 17,845 18,193 18.878 18843 19440 20037 20.796 
Women 
Total, ali masters degrees ...... 147,936 149.367 150.639 145.817 141464 143.493 145.891 148.877 154.688 161.651 
Total science andengineering .. 14,383 15.014 15,976 17,081 17,675 18.299 19.182 19538 19.481 20,764 
Total sciences............... 13.193 13,608 14292 15.205 15,516 15.971 16.711 16697 16627 17,632 
Physical sciences.......... 639 681 749 693 850 831 917 893 892 1,040 
Mathematics ............. 1,036 877 910 980 954 1,011 1,116 1,301 1,377 1,370 
Computer sciences......... 764 971 1,310 1,508 1,611 2,037 2.412 2496 2464 2626 
Environmental sciences ..... 336 406 452 144 465 521 517 520 487 482 
Life sciences............. 3,326 3,280 3,509 3,609 3,602 3,492 3,550 3,651 3,548 3,581 
Psychology ............ ; 4,464 4.668 4.621 5,185 5,093 5,417 5,426 5.327 5326 5838 
Social sciences ........... 2,628 2.725 2,741 2,786 2,741 2,662 2.773 2509 2533 2.695 
Total engineering............. 1,190 1,406 1,684 1,876 2,159 2,328 2.471 2,841 2,854 3,132 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 
Fall 1990, NSF 91-320 (Washington, OC: NSF, 1991), unpublished tabulations. and annual series 
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Appendix table 2-15. 

Masters degree conferrals, by field and racial/ethnic group: 1977-89 

(page 1 of 2) 

Field’ 1977 1979 1981 1985 1987 1989 

Total, U.S. citizens and permanent residents 

Total science & engineering.... 55,054 50,201 48.711 50.994 50.720 51.872 

Total sciences............. 42.359 38,784 36,909 36,094 34.773 35,510 
Physical sciences’ ....... 4.689 4.713 4.457 4,563 4.271 4.232 
Mathematics ........... 3,328 2,571 2,103 2.146 2,331 2.309 
Computer sciences....... 2,432 2,528 3,239 5 233 5,848 6.061 
Life sciences’......... .. 9,748 9,697 8.954 7.624 6.963 6.561 
Psychology ............ 8,149 7,852 7,769 8.129 7,493 7.994 
Social sciences*....... ; 14,013 11,423 10,387 8,399 7,867 8.353 

Total engineering®.......... 12,695 11,417 11,802 14,900 15,947 16,362 

White, non-Hispanic 

Total science & engineering.... 49,670 45.185 43.435 44,387 43,715 44.316 

Total sciences............. 38,226 35,103 33,288 31,808 30,476 30,894 
Physical sciences’....... 4,363 4,373 4.115 4,133 3,834 3.766 
Mathematics ........... 3,048 2,352 1,890 1,873 2,012 2.032 
Computer sciences....... 2,208 2.273 2.818 4.303 4.717 4.786 
Life sciences’........... 9.04. 8,909 8,296 6.946 6,236 5.878 
Psychology ............ 7,201 7,078 7,019 7,220 6.698 7,075 
Social sciences*......... 12,364 10,118 9.150 7,333 6,979 7.357 

Total engineering®.......... 11,444 10,082 10,147 12,579 13.239 13.422 

Biack, non-Hispanic 

Total science & engineering... . 2.266 1,988 1,787 1,755 1,803 1,688 

Total sciences............. 2.026 1,742 1,527 ‘ 396 1.370 1.287 
Physical sciences’....... 94 86 107 89 79 78 
Mathematics ........... 133 71 67 53 73 59 
Computer sciences....... 67 65 70 180 207 198 
Life sciences’........... 257 296 244 226 245 177 
Psychology ............ 506 476 424 426 376 395 
Social sciences*......... 969 748 615 422 390 380 

Total engineering®.......... 240 246 260 359 433 401 

Asian 

Total science & engineering... . 1,693 1,895 2,132 3,276 3,475 4.100 

Total sciences............. 956 1,045 1,053 1,703 1,783 2.073 
Physical sciences’....... 142 160 153 213 227 278 
Mathematics ........... 90 104 97 164 183 178 
Computer sciences....... 108 149 279 615 779 894 
Life sciences’........... 246 309 212 254 247 276 
Psychology ............ 95 87 77 129 113 131 
Social sciences’......... 275 236 235 328 234 316 

Total engineering’.......... 737 850 1,079 1,573 1,692 2,027 


(continued) 


Masters degree conferrals, by field and racial/ethnic group: 1977-89 


(page 2 of 2) 
Field’ 1977 1979 1981 1985 1987 1989 
Native American 

Total science & engineering... . . 148 163 159 222 171 205 

Total sciences............... 125 139 128 173 108 170 | 
Physical sciences’ ......... 21 29 11 21 9 18 
Mathematics ............. 12 8 7 7 3 6 
Computer sciences......... 3 16 12 41 22 39 
Life sciences’............. 27 21 22 24 17 23 
Psychology .............. 26 20 32 37 35 33 
Social sciences‘........... 36 45 44 43 22 51 

Total engineering®............ 23 24 31 49 63 35 

Hispanic 

Total science & engineering..... 1,277 970 1,198 1,354 1,556 1,563 

Total sciences............... 1,026 755 913 1,014 1,036 1,086 
Physical sciences’ ......... 69 65 71 107 122 92 
Mathematics ............. 45 36 42 49 60 34 
Computer sciences......... 46 25 60 34 123 144 
Life sciences®............. 176 162 180 174 218 207 
Psychology .............. 321 191 217 317 271 360 
Social sciences*........... 369 276 343 273 242 249 

Total engineering?............ 251 215 285 340 520 477 


NOTES: Data by racial/ethnic group are collected on a biennial schedule; data are provided by institutions, imputations are done for some nonresponse Racial/ethnic 
Categories are designated on the survey form. These categories include US. citizens and foreign citizens on permanent visas. Data are not available by racial/ethnic 
group for foreign citizens on temporary visas. 

‘Data on racial/ethnic groups are cvliected by broad fields of study only; therefore, these data cannot bu adjusted to the exact field taxonomies used by the National 
Science Foundation. 

‘Includes environmental sciences. 

‘Excludes health sciences 

‘For 1977 to 1981, social sciences included Afro-American black cultural studies and American indian studies. 

‘includes engineering technology. Racial/ethnic data for engineering and engineering technology can only be separated for 1985 and 1987 


SOURCE. Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Completion Survey conducted by the National Center 
for Education Statistics. 
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Appendix table 2-16. 
Doctorate conferrals, by field and gender: 1980-90 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total 

Total, all doctorates......... 31,020 31,357 31.111 31.282 31,337 31,297 31.895 32364 33.490 34319 36.027 

Total science & engineering... 17,523 17,996 18.017 18393 18514 18712 19.251 19,707 20.741 21,530 22.673 

Tota’ sciences ............ 15.044 15468 15.371 15.612 15601 15546 15.875 15995 16551 16.986 17.781 
Physical sciences ....... 2,521 2627 2694 2,802 2.845 2.916 3,090 3,212 3,317 3,244 3,494 
Mathematics........... 744 728 720 701 698 688 729 740 749 85S 892 
Computer sciences ...... 218 232 220 286 295 310 399 450 515 612 704 
Environmental sciences 628 583 657 637 614 617 589 628 728 740 769 
Life sciences........... 4715 4,786 4844 4,756 4877 4904 4,805 4.816 5.127 5.203 5,509 
Psychology............ 3,098 3,358 3,159 3,347 3,257 3,117 3,124 3,169 3,064 3.203 3,267 
Social sciences....... 3,120 3,154 3,077 13,083 3,015 2.994 3,139 2.980 3,051 3,125 3,146 

Total engineering .......... 2.479 2528 2646 #2,781 2,913 3,166 3,376 3,712 4.190 4.544 4,892 

Men 

Total, all doctorates......... 21,612 21,465 21,018 20,749 20638 20553 20591 20938 21679 21.811 22.966 

Total science & engineering... 13,639 13,880 13,747 13,769 13,810 13,900 14,167 14472 15.164 15522 16.399 

Total sciences ............ 11.250 11,451 11.225 11,112 11,048 10932 11,016 11,002 11.260 11,353 11.921 
Physical sciences ....... 2.199 2318 2337 2,431 2.446 2.452 2,585 2,686 2.760 2.627 2.843 
Mathematics ........... 649 616 624 588 583 582 608 615 628 704 734 
Computer sciences ...... 197 206 200 250 258 277 351 385 459 504 594 
Environmental sciences 564 527 554 540 508 506 489 514 583 590 620 
Life sciences....... -- 3,565 3,565 3,552 3,390 3,529 3,495 3,353 3,284 3.436 3,433 3.657 
Psychology............ 1.787 1,885 1,721 1,750 1,626 1,576 1,526 1,474 1.388 1,406 1361 
Social sciences......... 2,289 2334 2237 2,163 2,098 2.044 2.104 2.044 2.006 2.089 2.112 

Total engineering .......... 2.389 2429 2522 2,657 2,762 2.968 3,151 3,470 3,904 4.169 4.478 

Women 

Total, all doctorates......... 9408 9892 10093 10533 10699 10744 11,304 11426 11811 12508 13,061 

Total science & engineering. . . 3,884 4116 4270 4,624 4.704 4,812 5,084 5.235 5,577 6,008 6.274 

Totalsciences ............ 3.794 4017 4146 4,500 4,553 4614 4,859 4,993 5,291 5 633 5 860 
Physical sciences ..... 322 309 357 371 399 464 505 526 557 617 651 
Mathematics........... 95 112 96 113 115 106 121 125 121 155 158 
Computer sciences ...... 21 26 20 36 37 33 48 65 56 108 110 
Environmental sciences __. 64 56 103 97 106 111 100 114 145 150 149 
Life sciences........... 1.150 1,221 1,292 1,366 1,348 1,409 1,452 1,532 1,691 1.770 1.852 
Psychology............ 1,311 1,473 1,438 1,597 1,631 1,541 1,598 1,695 1.676 1,797 1.906 
Social sciences......... 831 820 840 920 917 950 1,035 936 1,045 1.036 1.034 

Total engineering ....... 90 99 124 124 151 198 225 242 286 375 414 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Science and Engineering Doctorate Awards. 1990. NSF 91-310 


(Washington, DC.: NSF, 1991) 


See figure 2-9 
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Doctorate conferrals, by field and racial/ethnic group: 1980-90 
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(page 1 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
TOTAL, ALLDOCTORATES.. 26,512 26342 25619 25634 25251 24694 24513 24561 24911 25024 25.844 
White................ 22,462 22470 22143 22245 21.864 21297 21,224 21,116 21455 21,568 22,345 
leek... 1... wee 1,105 1,110 1,143 1,005 1,055 1,043 949 907 966 962 972 
Asian................ 1,102 1,073 1,004 1,043 1,019 1,069 1,058 1,167 1,236 1,260 1,260 
Native American........ 75 85 77 82 74 96 99 115 94 94 93 
Hispanic.............. 485 526 614 608 607 634 678 709 696 694 813 
TOTAL SCIENCE 
AND ENGINEERING ....... 14.362 14.437 14146 14301 14,085 13.876 13856 13,906 14346 14432 14.776 
White................ 12,146 12,388 12330 12478 12.246 12004 12014 11,921 12326 12,364 12.727 
Black................ 319 332 336 322 357 357 318 308 346 352 340 
Asian................ 866 821 765 778 774 808 807 921 913 979 968 
Native American........ 27 26 38 28 31 41 52 52 41 52 40 
Hispanic.............. 213 238 269 282 295 290 342 354 394 379 451 
Total sciences ........... 12,808 12,966 12681 12819 12572 12282 12130 11.993 12.198 12203 12,473 
White................ 11,003 11,295 11,230 11.350 11,089 10816 10660 10463 10672 10638 10.909 
Black................ 301 313 316 293 342 323 294 283 315 319 300 
Asian................ 588 536 519 531 524 527 545 594 580 619 623 
Native American........ 24 22 35 27 28 40 46 45 37 45 36 
Hispanic.............. 186 222 233 253 261 268 307 320 331 331 398 
Physical sciences.......... 2,035 2,103 2,110 2,184 2.190 2.178 2,147 2,227 2,236 2.119 2,244 
White................ 1,661 1,757 1,859 1.917 1,888 1,900 1,858 1,942 1.927 1.817 1,929 
Black................ 16 24 26 25 34 27 25 20 33 31 27 
Asian................ 164 149 131 136 144 150 146 143 137 155 161 
Native American........ 3 1 3 6 4 3 5 7 6 10 3 
Hispanic.............. 27 30 25 26 47 30 40 56 63 59 70 
Mathematics ............. 582 525 499 457 443 418 402 396 386 428 416 
White................ 496 448 437 395 380 350 343 319 332 369 367 
re 12 9 6 3 4 7 6 11 4 8 4 
Asian................ 42 40 32 34 30 33 28 41 33 24 25 
Native American........ 0 1 1 0 3 0 1 0 2 0 1 
Hispanic.............. 5 5 7 11 12 12 11 4 11 10 
Computer sciences......... 169 188 155 207 195 213 249 275 326 396 396 
ee 143 162 136 174 163 177 193 229 265 319 334 
Black................ 0 2 1 3 3 3 1 2 2 1 1 
Asian................ 9 16 12 20 20 17 37 26 44 52 46 
Native American........ 0 0 1 1 0 0 0 3 1 2 0 
Hispanic.............. 1 0 1 0 3 6 7 4 2 4 5 
Environmental sciences ..... 538 488 557 513 499 474 446 450 542 559 544 
White................ 485 448 510 453 461 430 413 408 500 509 502 
Black................ 1 4 3 1 3 4 1 2 3 4 2 
Asian................ 22 14 27 26 19 21 14 18 15 23 17 
Native American... .. 2 0 0 2 0 1 2 0 2 6 1 
Hispanic............ 4 6 7 11 2 6 5 5 8 3 13 
Life sciences .... 4,035 4,050 4.104 4.009 4.059 3.982 3,868 3,774 3,933 3,951 3,967 
White 3,511 3,566 3.678 3,608 3,646 3,572 3,445 3.313 3,484 3.475 3,505 
Black 58 61 56 58 68 69 64 73 68 70 56 
Asian . 198 181 182 197 178 175 189 208 201 222 223 
Native American 6 7 10 5 11 17 17 13 12 9 7 
Hispanic . 36 56 54 4¢ ? 71 83 77 97 90 111 
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(page 2 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Psychology .............. 2,909 3.158 2,923 3,108 2.986 2,864 2.831 2.806 2.728 2.738 2.859 
White................ 2,562 2.849 2,638 2,783 2.683 2.590 2.547 2.516 2.445 2.453 2,551 
Black................ 119 113 115 112 121 105 109 93 103 97 110 
Asian................ 50 41 31 44 43 44 41 47 47 55 51 
Native American........ 6 9 16 9 6 10 9 16 7 11 18 
Hispanic.............. 54 66 74 94 84 69 89 95 93 93 103 
Social sciences ........... 2,540 2.454 2,333 2,341 2.200 2.153 2.187 2.065 2.047 2.012 2,047 
MN «io 464 4440064445 2,145 2,065 1.972 2,020 1.868 1,797 1.861 1.736 1.719 1,696 1,721 
Black................ 95 100 109 91 109 108 88 82 102 108 100 
RR ce ceeeeeddcnecas 103 95 104 74 90 87 90 111 103 88 100 
Native American ........ 7 4 4 4 4 9 12 6 7 7 6 
Hispanic.............. 59 59 66 66 62 74 71 72 64 65 86 
Total engineering......... 1,554 1,471 1,465 1,482 1,513 1,594 1.726 1913 2148 2229 2.303 
White...........00... 1.143 1,093 1.100 1,128 1,157 1,188 1,354 1.458 1,654 1.726 1.818 
Black................ 18 19 20 29 15 34 24 25 31 33 40 
Asian................ 278 285 246 247 250 281 262 327 333 360 345 
Native American .. . 3 4 3 1 3 1 6 7 4 7 4 
Hispanic.............. 27 16 36 29 34 22 35 34 63 48 53 


NOTE: Data are for U.S. citizens and permanent residents only 


SOURCE: Science Resources Studies Division. National Sc ence Foundation. Selected Data on Science and Engineering Doctorate Awards. 1990. NSF 91° 


(Washington, DC.: NSF, 1991) 
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Appendix table 2-18. 
Time to degree from U.S. baccalaureate to science and engineering doctorate: 1974-89 


1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 
Chemistry Ph.Ds ........... 1,451 1,438 1,307 1,266 1.219 1,280 1,192 1,282 1,337 1408 1,372 
Total time to degree....... 7.12 7.12 7.20 7.13 7.22 6.92 6.94 6.94 6.92 7.28 7.24 
Enrolled time to degree... . . 5.98 5.94 6.06 6.03 6.06 5.91 5.97 5.98 6.00 6.18 6.23 
Physics and astronomy Ph.D.s.. 999 970 946 872 825 848 757 743 728 749 770 
Total time todegree....... 8.16 8.20 8.19 8.42 8.31 7.93 8.32 8.04 8.33 8.23 8.18 
Enrolled time to degree... . . 6.93 7.03 7.01 7.11 7.17 6.93 7.16 7.08 7.28 7.23 7.16 
Math/computer science Ph.D.s.. 897 865 766 742 722 734 690 663 623 622 587 
Total time todegree....... 8.33 8.03 8.27 8.15 8.57 8.51 8.49 8.50 8.47 9.29 9.30 
Enrolled time to degree... .. 6.57 6.45 6.51 6.69 6.75 6.86 6.85 7.01 7.03 7.42 7.14 
Environmental science Ph.D.s.. 473 496 512 567 521 540 522 472 525 485 483 
Total time todegree....... 9.52 9.58 8.84 9.39 8.97 8.86 9.48 9.64 9.59 9.77 9.96 
Enrolled time to degree... . . 6.80 6.82 6.64 7.00 6.89 6.97 7.11 7.29 7.24 7.64 7.78 
Life science Ph.D.s.......... 3,350 3,568 3,594 3,531 3,614 3,768 3,949 4.011 4,090 3,928 4,003 
Total time todegree....... 8.31 8.29 8.40 8.33 8.29 8.33 8.28 8.34 8.54 8.81 9.06 
Enrolled time to degree... . . 6.39 6.44 6.47 6.45 6.51 6.51 6.62 6.72 6.87 6.89 7.11 
Psychology Ph.D.s.......... 2,406 2,589 2,732 2,773 2,842 2,873 2,875 3,133 2,904 3,074 2,946 
Total time todegree....... 8.82 8.86 8.78 9.03 9.17 9.49 9.72 10.11 10.45 1062 11.03 
Enrolled time to degree... .. 6.44 6.48 6.54 6.62 6.78 6.96 7.12 7.24 7.47 7.58 7.86 
Economics Ph.D.s........... 739 769 731 694 669 649 628 674 587 616 555 
Total time todegree....... 8.78 8.93 9.22 9.01 9.31 9.37 9.44 9.22 9.38 969 9.72 
Enrolled time to degree... .. 6.40 6.52 6.47 6.72 6.66 6.82 6.88 7.00 7.08 7.16 7.35 
Political science Ph.D.s....... 770 749 670 604 603 511 482 445 439 448 441 
Total time todegree....... 10.65 11.14 10.21 10.83 10.77 1106 1084 11.15 11.98 1207 1171 
Enrolled time to degree... .. 6.96 7.22 7.31 7.65 7.55 7.80 7.78 7.89 8.26 8.34 8.23 
Other social science Ph.D.s.... 1,309 1,374 1,418 1,362 1.278 1,231 1,231 1,203 1,152 1.135 1,061 
Total time todegree....... 10.43 10.28 1064 10.69 10.85 30 611.22 11.40 11.72 12.18 1259 
Enrolled time to degree.... . 7.22 7.05 7.32 7.61 7.63 7.99 8.27 8.52 


SOURCE: Policy Research and Analysis Division, National Science Foundation, unpublished tabulations from Survey of Earned Doctorates 
See figure 2-10 
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1985 1986 1987 1988 1989 
1,399 1,378 1.430 1455 1,377 
7.21 7.46 7.39 7.41 7.42 
6.33 6.27 6.22 6.27 6.32 
734 745 768 806 751 
8.35 8.52 8.44 8.31 8.40 
7.28 7.20 7.25 7.24 7.24 
576 588 621 653 752 
9.51 9.42 984 1040 10.51 
7.41 7.34 7.49 7.56 7.54 
443 417 426 507 534 
9.91 10.27 1066 1068 1063 
7.66 7.85 7.87 8.08 7.94 
3,919 3,808 3,683 3,869 3,847 
9.14 9.37 9.48 9.62 9.90 
7.12 7.16 7.31 7.38 7.44 
2,872 2.789 2,798 2,781 2,638 
11.24 11.42 11.72 12.01 12.17 
7.93 7.96 8.10 8.25 8.44 
577 593 520 540 546 
10.04 9.95 10.04 1001 1030 
7.61 7.37 7.64 7.56 7.55 
431 420 403 395 413 
12.51 12.97 12 86 13.10 12.34 
8 84 904 8 64 8.92 8 83 
1.024 1.028 965 955 864 
13.09 13.27 13.55 14.05 14.10 
9 32 954 9 80 973 


9.30 
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Appendix table 2-19. % 

Ratio of doctorates to bachelors awards, lagged by time to degree = 

9) 

® 

Year of doctorate Qo 

oe m 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 a 

Percent F 

Chemistry.................... 13.7 11.5 11.1 11.0 12.2 11.9 12.4 12.7 13.1 12.4 125 121 126 129 123 3 

Physics and astronomy .......... 16.5 15.4 13.3 125 12.7 12.1 12.1 12.2 13.8 14.4 133 133 137 13.7 12.7 > 

Math and computes sciences ..... . 48 3.9 3.2 3.0 3.1 3.0 29 28 28 29 3.1 33 36 39 45 g 

Environmental sciences.......... NA NA NA NA 18.3 17.3 145 14.4 12.4 11.5 10.4 96 93 10.1 10.1 & 

Life sciences.................. 11.5 10.7 94 87 86 8.7 8.1 75 6.6 6.4 59 57 55 59 6.0 3 

Psychology................... 19.7 17.6 15.4 13.1 12.0 10.8 11.0 93 9.0 8.1 7.4 7.1 72 73 7.2 

Economics .................. 6.9 6.0 47 4.2 3.9 3.9 45 4.0 43 40 42 41 3.4 34 3.4 © 

Political science................ NA NA 45 3.8 29 23 2.0 2.0 1.9 18 1.7 16 16 16 18 ~ 
Other social sciences'........... NA NA 95 78 6.7 54 46 40 3.7 3.3 3.1 3.1 29 28 28 
Engineering .................. 5.0 46 43 3.4 3.2 3.1 28 28 3.0 3.5 3.7 38 36 3.8 25 


NA = data not available 

NOTE: See appendix table 2-18 for average time to degree by field. 

‘Other social sciences includes anthropology, sociology. history of science. linguistics, and other social science fields 

SOURCES: Policy Research and Analysis Division, National Science Foundation, unpublished tabulations trom Survey of Earned Doctorate and from Completion Survey 

See figure 2-11. wcience & Engineering indicators - 1991 
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Appendix table 2-20. 
Full-time science and engineering graduate students, by field and source of support: 1980-90 
(page 1 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
TOTAL SCIENCE 
AND ENGINEERING.......... 215.354 219.088 222.770 230,570 232.182 235,593 244424 248652 252.643 259.411 267,621 
ee 44590 43,098 41.139 42138 42018 42945 45387 47.202 49.279 51,203 52.875 
National Science Foundation . . 9.278 9.149 9253 9.494 9812 10142 10793 11200 11,587 11.861 11,961 
National institutes of Health. . . 10.614 10,132 9,583 9.673 9972 10083 10.770 11491 12377 12,993 13,416 
Other Health & Human Svcs . . 2,148 1,802 1,412 1,114 947 1,164 1.106 1,157 999 1.179 1,250 
Department of Defense... _. . 5.086 5.485 5,749 6,751 6,873 7,052 7.713 8563 9276 8.760 8,357 
Other Federal............. 17,464 16530 15.142 15.106 14,414 14504 15,005 14,791 15,040 16410 17.891 
Non-Federal............... 104.440 109.282 113,486 116847 120409 123.923 129.066 130.819 133.663 137,465 141,158 
Self-support............... 66.324 66.708 68.145 71,585 69.755 68.725 69.971 70631 69.701 70.743 73,588 
Total sciences... ._...... ... 172,247 172,831 172,537 176.249 176,654 179.310 183.716 186.485 189.243 194.695 201,074 
ee 33,399 32,124 30.044 30,153 30428 31.678 33,008 34.082 35.259 36.858 37,968 
National Science Foundation . . 6,867 6.781 6,680 6.813 7,115 7,455 7,663 7,720 7.779 8,085 8.089 
National Institutes of Health... . 10,106 9.686 9,180 9,196 9,506 9628 10321 10976 11822 12349 12.742 
Other Health & Human Svcs .. 1,991 1699 1,310 1,016 869 1,095 1,019 1,043 926 1,094 1,128 
Department of Defense... _ . . 2.228 2,325 2,294 2.737 3,065 3,278 3,598 3,978 4306 3,952 3,741 
Other Federal............. 12,207 11,633 10580 10,391 9873 10222 10407 10365 10426 11.378 12,268 
Non-Federal............... 85.278 87.764 90,066 92.181 94150 95.717 98421 99614 101.951 104.600 107,416 
Self-support............... 53,570 52943 52427 53,915 52.076 51915 52287 52.789 52.033 53.237 55,690 
Physical sciences ............ 22,918 23,308 24040 25.205 25852 26669 27.764 28.414 28574 29.193 29.573 
- ee 7,707 7,956 7,713 8,126 8,640 8.821 9523 9,717 9857 10.247 10.333 
National Science Foundation . . 2.887 3,036 3,114 3,218 3,406 3,516 3,671 3,590 3.656 3612 3.576 
National Institutes of Health. . . 1,556 1,432 1,435 1,437 1,506 1.635 1,847 1,930 2.002 1.981 1.972 
Other Health & Human Svcs . . 94 107 83 98 122 161 165 167 150 130 144 
Department of Defense... __ . 661 753 707 831 1,011 1,024 1,161 1,292 1.475 1.392 1216 
Other Federal............. 2,509 2,628 2,374 2,542 2,595 2.485 2679 2.738 2.574 3.132 3.425 
Non-Federal............... 13,688 13,803 14.786 15.306 15,531 16.053 16.348 16694 16840 17.157 17248 
Self-support........... ee 1,523 1,549 1,541 1,773 1.681 1,795 1.893 2,003 1,877 1.789 1.992 
Mathematics........ jasee ne 9902 10,154 10823 10964 11.319 11833 12398 13.049 13523 13.705 13870 
Federal......... we edee 868 796 818 760 762 935 999 1,090 1199 1211 1.346 
National Science Foundation _ . 262 227 228 223 279 321 357 436 463 475 500 
National Institutes of Health _. . 34 24 25 28 22 18 19 24 25 28 39 
Other Health & Human Svcs 24 11 14 13 4 3 5 6 3 8 10 
Department of Defense 329 343 374 310 304 386 432 438 513 395 367 
Other Federal 219 191 177 186 153 207 186 186 186 305 430 
Non-Federal 7,137 7.262 7,703 8.004 8.399 8.660 9.083 9 384 9753 9994 10,042 
Self-support 1,897 2.096 2,302 2.200 2.158 2.238 2.316 2.575 2.580 2500 2,482 
Computer sciences 6,587 7,445 9.171 10687 11.587 14101 15310 15572 15596 16.008 16872 
Federal 953 1,008 1,075 1,130 1.269 1.638 1.892 2.084 2.226 2.361 2444 
National Science Foundation 333 379 389 386 431 502 527 623 634 779 819 
National Institutes of Health 66 48 42 26 24 20 43 61 64 53 62 
Other Health & Human Svcs 6 2 5 3 1 1 2 1 0 7 9 
Department of Defense 298 394 387 475 630 860 1.037 1.137 1214 1164 1129 
Other Federal 250 185 252 240 183 255 283 262 314 358 425 
Non-Federal 2,696 3.050 3,523 4.050 4.509 5 686 6.127 6.283 6462 6602 6893 
Self-support 2.938 3.387 4573 5,507 5 809 6.777 7.291 7,205 6908 7045 7.535 
Environmental sciences 10.969 11,038 11436 12049 11819 11439 11323 10543 10296 10.138 10.295 
Federal 3,442 3.010 2,854 2.874 2 848 2.960 3.033 2.868 2.799 2863 2.939 
National Science Foundation 1.256 1.206 1.192 1.325 1.341 1374 1.357 1.261 1236 1253 1.191 
National institutes of Health 34 20 42 15 30 26 25 24 19 17 21 
Other Health & Human Svcs 87 79 35 23 11 15 14 34 32 b 13 
Department of Defense 296 310 300 365 372 418 453 499 461 435 409 
Other Federal 1.769 1.395 1.285 1.146 1,094 1.127 1184 1.050 1.051 1150 1.305 
Non-Federal 4912 5.231 5.474 5,554 5 640 5 561 5 566 5 232 5 379 5357 5.251 
Selt-support 2.615 2.797 3,108 3,621 3.331 2.918 2.724 2.443 2.118 1918 2.105 
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Appendix table 2-20. 
Full-time science and engineering graduate students, by field and source of support: 1980-90 
(page 2 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Life sciences................ 47,908 47.658 46880 46948 47.230 46459 47.407 47.772 48,758 49910 50.646 
OS ae 12.743 12489 11,941 11,914 11890 12324 12867 13.658 14337 15.162 15.533 
National Science Foundation . . 1296 1226 1,203 1,132 1,151 1,171 1.155 1,200 1.175 1,306 1,282 
National institutes of Health. . . 7,023 6931 6713 6878 7,066 7.110 7596 8098 8.742 9349 9639 
Other Health & Human Svcs . . 423 401 329 316 224 357 370 341 269 366 373 
Department of Defense... . . . 173 133 131 258 258 248 209 281 320 275 260 
Other Federal............. 3,828 3.798 3,565 3.330 3,191 3,438 3,537 3,738 3,831 3,866 3,979 
Non-Federal............... 24,679 24991 25.302 25.735 26.296 25.762 26.211 26.152 26698 27.197 27.919 
Self-support............... 10.486 10.178 9637 9299 9044 8373 68329 7,962 7.723 7,551 7,194 
Psychology................. 26,692 26.725 25.812 26.701 26,108 25,769 26521 27.497 28.480 30,172 30,992 
Federal................... 3.390 3.055 2414 2,141 2,062 2,057 2,035 2.052 2.173 215 2,401 
National Science Foundation . . 289 246 206 190 206 235 231 246 233 236 261 
National Institutes of Health. . . 1,043 926 716 600 647 622 589 630 763 720 799 
Other Health & Human Svcs . . 885 737 607 424 396 434 361 379 361 463 475 
Department of Defense... .. . 131 144 128 174 157 140 158 177 156 117 159 
Other Federal............. 1,042 1,002 757 753 656 626 696 620 660 679 707 
Non-Federal............... 10,088 10,960 10,746 11,178 11,630 11893 12361 12190 12385 12945 13,341 
Self-supportt............... 13.214 12.710 12652 13,382 12416 11819 12125 13.255 13,922 15,012 15,250 
Social sciences.............. 47.271 46503 44.375 43.695 42739 43.040 42993 43.638 44,016 45569 48826 
Federal................... 4.296 3810 3.229 3208 2957 2943 2659 2613 2.677 2.799 2.972 
National Science Foundation . . 544 461 348 339 301 336 365 364 382 424 460 
National Institutes of Health. . . 350 305 207 212 211 197 202 209 207 201 210 
Other Health & Human Svcs . . 472 362 237 139 111 124 102 115 111 112 104 
Department of Defense... _.. 340 248 267 324 333 202 148 154 167 174 201 
Other Federal............. 2590 2434 2.170 2,194 2001 2.084 1842 1,771 1.810 1888 1.997 
Non-Federal............... 22.078 22.467 22532 22.354 22.145 22102 22.725 23.679 24434 25348 26.722 
Self-supportt............. 20,897 20.226 18614 18.133 17.637 17995 17609 17346 16905 17422 19.132 
Totalengineering ssi. 43.107 46.257 50.233 54321 55528 56.283 60.708 62.167 63400 64716 66547 
Federal........ peneneees 11.191 10,974 11,095 11,985 11590 11.267 12379 13.120 14,020 14345 14.907 
National Science Foundation . . 2.411 2368 2573 2.681 2697 2687 3,130 3,480 3.808 3.776 3.872 
National Institutes of Health... . 508 446 403 477 466 455 449 515 555 644 674 
Other Health & Human Svcs . . 157 103 102 98 78 69 87 114 73 85 122 
Department of Defense | . 2858 3.160 3455 4014 3608 3.774 4115 4585 4970 4808 4.616 
Other Federal. - | 5257 4897 4562 4715 4541 4282 4598 4426 4614 5032 5.623 
Non-Federal . | _ 19.162 21.518 23.420 24.666 26.259 28.206 30645 31.205 31.712 32865 33.742 
Self-support.__. | 12.754 13.765 15.718 17,670 17.679 16810 17.684 17842 17,668 17.506 17.898 


SOURCES Science Resources Studies Division National Science Foundation. Selected Data on Graduate Students and Postdoctorates in Scrence and Engineering 


Fall 1990. NSF 91-320 (Washington DC NSF. 1991). unpublished tabulations. and annual senes 
See figure 2-12 
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Appendix table 2-21. 

Full-time science and engineering graduate students, by field and mechanism of support: 1980-90 

(page 1 of 2) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 19% 

TOTAL SCIENCE 

AND ENGINEERING....... 215.354 219.088 222770 230.570 232.182 235.593 244424 248.652 252643 259.411 267.621 
Fellowships........ _ 79455 19,084 19592 20.041 20284 21,017 21571 20658 21285 2209% 23,830 
Traineeships .......... 10,526 10.093 9130 8753 8614 8620 8517 9,142 9428 9712 10.046 
Research assistantships . . 50.140 51.314 51,066 53.396 55963 58.907 63.782 67.632 71.729 76.005 77.629 
Teaching assistantships.. 51,931 53,769 56,164 58,027 59,095 59.741 60358 60,709 61,102 62.181 62.646 
Other types of support... 83,302 84828 86.818 90353 88226 87,308 90.196 90511 89099 89418 93.470 

Totalsciences ...... ss... 172,247 172.831 172,537 176.249 176.654 179.310 183.716 186.485 189243 194695 201.074 
Fellowships........... 15.698 14907 14899 15.194 15409 16206 16625 15983 16797 17.383 18662 
Traineeships .......... 9590 9,148 8,322 7.998 7876 7,860 7,681 8.241 8506 8730 £9,030 
Research assistantships.. 36,133 36,832 36365 37.758 39620 40944 43296 45472 48270 51402 52.258 
Teaching assistantships .. 44,529 45480 46.958 47,971 48535 48969 49234 49602 49926 51,044 51638 
Other types of support... 66,297 66464 65.993 67328 65214 65,331 66880 67.187 65,744 66.136 69.486 

Physicalsciences......... 22,918 23,308 24040 25.205 25852 26.669 27,764 28.414 28574 29.193 29,573 
Fellowships. ssi‘ 1,803 1,846 1,904 1929 2,091 1.929 1,895 1,847 1,821 1992 2.289 
Traineeships... .. a 409 455 433 399 357 418 524 541 502 599 695 
Research assistantships . . 8.340 8,607 8.768 9145 9628 10284 10994 11558 12056 12426 12.137 
Teaching assistantships _ . 10.248 10,304 10.711 11.270 11.339 11.467 11654 11.752 11600 11.726 11821 
Other types of support 2.118 2,096 2.224 2462 #2437 2.571 2697 2.716 2.595 2.450 2.631 

Mathematical sciences .__. 9902 10154 10823 10964 11,319 11833 12,398 13.049 13.523 13.705 13.870 
Fellowships...._.. 760 681 687 694 766 857 909 859 940 1001 1.103 
Traineeships ...... _ 145 134 126 124 159 149 128 158 204 212 189 
Research assistantships . . 784 760 845 803 872 998 1,038 1.1191 1.227 1.305 1417 
Teaching assistantships 5.607 5,748 6.074 6445 6624 6814 7.154 7.461 7 598 7 845 B03 
Other types of support. 2.606 2.831 3.091 2898 2.898 3.015 3.169 3,460 3 554 3,342 1358 

Computer sciences 6587 7.445 9171 10687 11587 14101 15310 15572 15596 16008 16872 
Fellowships 301 396 411 488 561 781 830 7B4 807 847 956 
Traineeships 69 101 74 50 Y 73 114 103 115 134 133 
Research assistantships 1.036 1,098 1,191 1.403 1635 2.076 2.354 2.837 3.054 3.340 3.341 
Teaching assistantships 1,481 1,782 2.074 2.411 2.748 3.216 3.251 3.404 3.434 3.460 3.653 
Other types of support 3.700 4,068 5 421 6335 6562 7.955 8.761 8 444 8186 8227 +#8,789 

Environmental scrences 10.969 11.038 11436 12049 11819 11439 11323 10543 10.296 10.138 10.295 
Fellowships 876 B44 892 880 962 982 B46 741 778 770 791 
Traineeships 259 278 263 272 178 176 149 176 148 112 104 
Research assistantshups 3,770 3,469 3.339 3.545 3.574 3.723 3.834 3.660 3.891 4.164 4171 
Teac*wng assistantstups 2.672 2.651 2.849 2 881 2.865 2.647 2.659 2 498 2.553 2.455 2 387 
Other types of support 3.392 3.796 4093 4471 4240 3.911 3.835 3.468 2.926 2 637 2 842 

Life scrences 47908 47658 46880 46948 47230 46459 47407 47.772 48758 49310 50646 
Fellowships 4 086 4.154 4141 4205 4291 4 586 4 850 4794 47% 5 103 5 349 
Traineeships 4.963 4755 4592 4596 4 486 4 368 4318 4563 4734 4778 5 005 
Research assistantships 14.334 14796 14631 14857 15.715 15.700 16846 17607 18712 20.014 20600 
Teaching assistantships 10.675 10460 10669 10535 10423 10328 9 904 9.535 9 521 9 683 9 582 
Other types of support 13.850 13.493 12847 12.755 12.315 11.477 11489 11273 11055 10.332 10.110 

Psychology 26.692 26.725 25812 26701 26108 25.769 26521 27497 28480 30.172 3.992 
Fellows ups 1.601 1.304 1232 1.270 1.295 1277 1422 1.433 1538 1.506 1.654 
Traineestups 2.008 1 956 1,794 1.383 1,477 1 602 1.328 1243 1.243 1.180 1.139 
Research assistantsnips 2.571 2.890 2.723 2.962 3,027 3.082 3.119 3.231 3,743 3.871 4.089 
Teaching assistantships 4779 5014 4922 5.007 5 048 5.182 5 365 5.377 5518 5 783 5 808 
Other types of support 15.733 15.561 15.141 16.079 15.261 14626 15287 16.213 16438 17832 18.302 
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Appendix table 2-21 
Full-time science and engineering graduate students, by field and mechanism of support: 1980-90 


(page 2 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Social sciences. ... . 47271 46503 44375 43695 42739 43,040 42993 43.638 44016 45569 48826 
Fellowships 6.271 5.682 5.632 5,728 5,443 5,794 5.873 5,525 6,177 6.164 6,520 
Traineeships . —_ 1,737 1,469 1,040 1,174 1,138 1.074 1,120 1,457 1,560 1.715 1,765 
Research assistantships 6298 5212 4868 5043 £5,169 5,081 5,111 5.468 5,587 6,282 6,503 
Teaching assistantships 9067 9,521 9659 9422 9.488 9315 9247 9575 9.702 10,092 10,584 
Other types of support 24.898 24619 23.176 22328 21,501 21.776 21,642 21613 20990 21,316 23,454 

Total engineering... __. 43,107 46.257 50233 54321 55528 56.283 60.708 62,167 63400 64,716 66,547 
Fellowships ......... 3,757 4,177 4693 4847 4.875 4.811 4946 4675 4.488 4712 5,168 
Traineeships .......... 936 945 808 755 738 760 836 901 922 982 1,016 
Research assistantships . 14.007 14482 14.701 15638 16343 17,963 20486 22160 23,459 24603 25371 
Teaching assistantships . . 7,402 8,289 9206 10,056 10,560 10,772 11,124 11,107 11,176 11,137 11,008 
Other types of support... 17,005 18364 20,825 23,025 23,012 21,977 23,316 23,324 23,355 23,282 23,984 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 
Fall 1990, NSF 91-320 (Washington DC: NSF, 1991). unpublished tabulations; and annual series. 
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Appendix table 2-22. 
Full-time science and engineering graduate students, by source and mechanism of support: 1980-89 


(page 1 of 4) 


1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 


Total science and engineering 


TOTAL SUPPORT ............... 215.354 219,088 222.844 230,621 232.230 235,615 244526 248.730 252,749 259.575 
Fellowships .................. 19.455 19.084 19640 20,184 20448 21.126 21.997 20894 21506 22.645 
Traineeships ................. 10,526 10,0093 9,122 8,735 8.615 8.610 8,503 9,128 9.425 9,557 
Research assistantships......... 50.140 51,314 51,081 53412 55976 58930 63,813 67.681 71,776 75,924 
Teaching assistantships ......... 51,931 53,769 56,161 58.020 59,091 59730 60,360 60,730 61.120 62,154 
Mechanism unknown ........... 83.302 84828 86840 90.270 88,100 87,219 89853 90.297 88922 89,295 

Total Federalsupport............ 44590 43,098 41.145 42145 42024 42950 45.398 47,242 49326 51.171 
Fellowships.................. 4.204 3,790 3,659 3,765 3.790 4,025 4,246 4.086 4.211 4,866 
Traineeships ................. 6.797 6105 5,328 4,939 4705 4,502 4.372 4,590 4,504 4.618 
Research assistantships......... 28.718 28,527 27.723 28580 28,822 29.643 31.915 33,961 35680 37,186 
Teaching assistantships ......... 542 506 345 405 271 477 423 341 435 447 
Mechai.ism unknown ........... 4329 4,170 4,090 4.456 4436 4,303 4.442 4,264 4.496 4.054 

National Science Foundation ........ 9.278 9,149 9,255 9.494 9813 10143 10,795 11,202 11590 11.844 
Fellowships.................. 1,312 1,262 1,288 1,290 1,321 1,377 1,492 1.479 1,576 1,765 
Traineeships ................. 215 143 89 61 49 50 26 66 62 83 
Research assistantships......... 7615 7,585 7,738 8.054 8.268 8547 9.075 9.470 9.800 9,838 
Teaching assistantships ......... 35 61 27 25 28 43 74 26 58 68 
Mechanism unknown ........... 101 98 113 64 147 126 128 161 94 90 

National Institutes of Health......... 10,614 10,132 9,583 9,673 9972 10,083 10,770 11.527 12408 13,023 
Fellowships .................. 673 546 456 469 518 509 531 557 564 554 
Traineeships ................. 4526 4,166 3,954 3,788 3.747 3,609 3,459 3.650 3.611 3,559 
Research assistantships......... 5,071 5,144 4,942 5,106 5,391 5,682 6,495 6.977 7.865 8.545 
Teaching assistantships ......... 72 64 32 72 38 53 67 79 106 110 
Mechanism unknown ........... 272 212 199 238 278 230 218 264 262 255 

Other Health and Human Services ... . 2,148 1,802 1,412 1,114 947 1,164 1.106 1,140 1,000 1,132 
Fellowships .................. 337 210 161 132 123 132 100 93 69 97 
Traineeships ................. 1,159 1,021 727 434 303 312 341 279 272 265 
Research assistantships......... 502 502 439 477 474 610 595 713 632 745 
Teaching assistantships ......... 22 6 30 12 3 7 2 12 3 6 
Mechanism unknown ........... 128 63 55 59 44 103 68 43 24 19 

Department of Defense ............ 5.086 5485 5,749 6,751 6,873 7,052 7,713 8,565 9.277 8,886 
Fellowships.................. 196 161 182 245 207 237 275 346 332 495 
Traineeships ................. 65 67 27 27 36 36 72 113 121 96 
Research assistantships......... 2,927 3,287 3,448 3,904 4,051 4,152 4,608 5,559 5,974 5,778 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 1,898 1,970 2,092 2,575 2.579 2,627 2,758 2,547 2,850 2,517 

Other Federal................... 17,464 16,530 15,146 15.113 14419 14508 15014 14808 15051 16,286 
Fellowships.................. 1,686 1,611 1,572 1,629 1,621 1,770 1,848 1.611 1,670 1,955 
Traineeships ................. 832 708 531 629 570 495 474 482 438 615 
Research assistantships......... 12,603 12,009 11,156 11,039 10638 10652 11,142 11,242 11409 12,280 
Teaching assistantships ......... 413 375 256 296 202 374 280 224 268 263 
Mechanism unknown ........... 1,930 1,827 1,631 1,520 1,388 1,217 1,270 1,249 1,266 1,173 

Non-Federal suppori............. 104,440 109,282 113,532 116884 120457 123,958 129.134 130,848 133,734 137,258 
Fellowships .................. 15,251 15,294 15981 16419 16658 17,101 17,751 16808 17,295 17,779 
Traineeships ................. 3,729 3,988 3,794 3,796 3,910 4,108 4,131 4,538 4,921 4,939 
Research assistantships......... 21,422 22,787 23,358 24832 27,154 29,287 31,898 33,720 36,096 38,738 
Teaching assistantships ......... 51,389 53,263 55816 57,615 58820 59,253 59.937 60,389 60,685 61,707 
Mechanism unknown ........... 12,649 13,950 14583 14,222 13915 14209 15417 15,393 14,737 14,095 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Self-support................... 66.324 66,708 68,167 71,592 69,749 68,707 69,994 70640 69.689 71,146 
Fellowships .................. 0 0 0 0 0 0 0 0 0 0 
Traineeships ................. 0 0 0 0 0 0 0 0 0 0 
Research assistantships......... 0 0 0 0 0 0 0 0 0 0 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 66.324 66,708 68,167 71,592 69,749 68,707 69,994 70,640 69.689 71,146 
Total sciences 
TOTAL SUPPORT ............... 172.247 172,831 172,605 176.294 176,691 179,322 183,800 186,501 189.271 194,995 
Fellowships .................. 15.698 14907 14947 15337 15,573 16315 17,051 16204 17,007 17,864 
Traineeships ........... ..... 9590 9148 8309 7,980 7,877 7,850 7,667 8,227 8.498 8575 
Research assistantships......... 36.133 36.832 36380 37,774 39,631 40965 43,323 45512 48308 51,288 
Teaching assistantships ......... 44.529 45480 46955 47,961 48528 48958 49.236 49605 49924 51,014 
Mechanism unknown ........... 66.297 66,464 66.014 67,242 65,082 65,234 66523 66953 65534 66,254 
Total Federalsupport............ 33,399 32,124 30.050 30.160 30434 31,683 33,019 34,111 35,295 36,918 
Fellowships .................. 3,557 3,156 2,948 2,981 2,981 3,221 3.416 3,255 3,334 3,860 
Traineeships ................. 6.387 5,788 5,061 4.673 4492 4,286 4.165 4,333 4.288 4,379 
Research assistantships......... 20.170 19,992 19146 19570 20,146 21,216 22357 23,590 24,700 25,904 
Teaching assistantships ......... 403 406 305 365 251 383 391 317 361 373 
Mechanism unknown ........... 2.882 2,782 2,590 2,571 2,564 2,577 2,690 2,616 2,612 2.402 
National Science Foundation ........ 6.867 6,781 6,682 6,813 7,116 7,456 7,665 7,722 7,782 8,068 
Fellowships .................. 1,141 1,094 1,035 1,030 1,055 1,114 1,231 1,187 1,223 1,347 
Traineeships ................. 183 132 87 60 45 37 25 58 54 63 
Research assistantships......... 5444 5449 5.449 5,642 5.897 6,192 6,262 6,345 6.395 6,539 
Teaching assistantships ......... 31 31 21 22 26 31 69 24 35 52 
Mechanism unknown ........... 68 75 90 59 93 82 78 108 75 67 
National Institutes of Health ......... 10,106 9686 9,180 9,196 9506 9628 10,321 11,012 11,853 12.379 
Fellowships .................. 665 539 447 453 486 477 515 540 531 523 
Traineeships ................. 4382 4,039 3,876 3,688 3,677 3,518 3,372 3,551 3,552 3.491 
Research assistantships......... 4.738 4,851 4.631 4,754 5,037 5,355 6,160 6,593 7,406 8,008 
Teaching assistantships ......... 70 60 32 69 36 52 66 79 106 110 
Mechanism unknown ........... 251 197 194 232 270 226 208 249 258 247 
Other Health and Human Services ... . 1,991 1.699 1,310 1,016 869 1,095 1,019 1,026 927 1,058 
Fellowships .................. 278 185 139 102 93 112 71 81 64 89 
Traineeships ................. 1,118 993 708 427 299 306 325 266 263 255 
Research assistantships......... 448 459 388 421 431 567 554 630 576 689 
Teaching assistantships ......... 21 6 27 12 3 7 2 12 1 6 
Mechanism unknown ........... 126 56 48 54 43 103 67 37 23 19 
Department of Defense ............ 2,228 2,325 2,294 2,737 3,065 3,278 3,598 3,978 4305 4,066 
Fellowships .................. 143 86 88 145 87 115 167 194 187 338 
Traineeships ................. 52 36 5 26 16 25 38 74 71 44 
Research assistantships......... 1,241 1.384 1,366 1,579 1,905 1,983 2,085 2,518 2,868 2,618 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 792 819 835 987 1,057 1,155 1,308 1,192 1,179 1.066 
Other Federal................... 12,207 11,633 10,584 10,398 9878 10226 10416 10373 10,428 11,347 
Fellowships .................. 1,330 1.252 1,239 1,251 1,260 1,403 1,432 1,253 1,329 1,563 
Traineeships ................. 652 588 385 472 455 400 405 384 348 526 
Research assistantships......... 8.299 7849 7,312 7,174 6.876 7,119 7,296 7,504 7,455 8,050 
Teaching assistantships ......... 281 309 225 262 186 293 254 202 219 205 
Mechanism unknown ........... 1.645 1.635 1,423 1,239 1,101 1,011 1,029 1,030 1,077 1,003 
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Full-time science and engineering graduate students, by source and mechanism of support: 1980-89 

(page 3 of 4) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Non-Federalsupport............. 85.278 87.764 90.107 92.215 94192 95,750 98483 99612 101,986 104,623 
Fellowships .................. 12,141 11,751 11,999 12356 12592 13,094 13635 12949 13673 14,004 
Traineeships ................. 3.203 3,360 3,248 3,307 3,385 3,564 3,502 3.894 4.210 4,196 
Research assistantships......... 15.963 16,840 17.234 18204 19485 19,749 20966 21.922 23608 25,384 
Teaching assistantships ......... 44.126 45.074 46.650 47596 48.277 48575 48845 49288 49563 50.641 
Mechanism unknown ........... 9.845 10,739 10976 10,752 10453 10.768 11535 11559 10932 10,398 

Self-support................... 53,570 52,943 52448 53,919 52065 51889 52,298 52.778 51990 53,454 
Fellowships .................. 0 0 0 0 0 0 0 0 0 0 
Traineeships ................. 0 0 0 0 0 0 0 0 0 0 
Research assistantships......_.. 0 0 0 0 0 0 0 0 0 0 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 53,570 52,943 52448 53.919 52,065 51,889 52298 52.778 51,990 53,454 

Total engineering 

TOTAL SUPPORT ............... 43,107 46.257 50,239 54327 55539 56.293 60,726 62.229 63478 64,580 
Fellowships .................. 3,757 4,177 4,693 4,847 4,875 4811 4.346 4.690 4.499 4,781 
Traineeships ................. 936 945 813 755 738 760 836 901 927 982 
Research assistantships......... 14,007 14,482 14,701 15638 16345 17,965 20490 22.169 23468 24,636 
Teaching assistantships ......... 7,402 8289 9206 10,059 10563 10,772 11,124 11.125 11,196 11,140 
Mechanism unknown ........... 17,005 18,364 20826 23,028 23,018 21,985 23,330 23,344 23,388 23,041 

Total Federaisupport............ 11,191 10974 11,095 11,985 11590 11,267 12379 13.131 14031 14,253 
Fellowships .................. 647 634 711 784 809 804 830 831 877 1,006 
Traineeships ................. 410 317 267 266 213 216 207 257 216 239 
Research assistantships......... 8548 8535 8577 9,010 8.676 8,427 9558 10.371 10980 11,282 
Teaching assistantships ......... 139 100 40 40 20 94 32 24 74 74 
Mechanism unknown ........... 1,447 1,388 1,500 1,885 1,872 1,726 1.752 1,648 1,884 1.652 

National Science Foundation........ 2,411 2,368 2,573 2,681 2,697 2,687 3,130 3.480 3,808 3,776 
Fellowships ................... 171 168 253 260 266 263 261 292 353 418 
Traineeships ................. 32 11 2 1 4 13 1 8 8 20 
Research assistantships......... 2,171 2,136 2,289 2,412 2,371 2,355 2,813 3,125 3,405 3,299 
Teaching assistantships ......... 4 30 6 3 2 12 5 2 23 16 
Mechanism unknown ........... 33 23 23 5 54 44 50 53 19 23 

National Institutes of Health......... 508 446 403 477 466 455 449 515 555 644 
Fellowships.................. 8 7 9 16 32 32 16 17 33 31 
Traineeships ................. 144 127 78 100 70 91 87 99 59 68 
Research assistantships......... 333 293 311 352 354 327 335 384 459 537 
Teaching assistantships ......... 2 4 0 3 2 1 1 0 0 0 
Mechanism unknown ........... 21 15 5 6 8 4 10 15 4 8 

Other Health and Human Services ... . 157 103 102 98 78 69 87 114 73 74 
Fellowships .................. 59 25 22 30 30 20 29 12 5 8 
Traineeships ................. 41 28 19 7 4 6 16 13 9 10 
Research assistantships......... 54 43 51 56 43 43 41 83 56 56 
Teaching assistantships ......... 1 0 3 0 0 0 0 0 2 0 
Mechanism unknown ........... 2 7 7 5 1 0 1 6 1 0 

Department of Defense ............ 2,858 3,160 3,455 4,014 3,808 3,774 4,115 4,587 4,972 4,820 
Fellowships ................... 53 75 94 100 120 122 108 152 145 157 
Traineeships ................. 13 31 22 1 20 11 34 39 50 52 
Research assistantships......... 1686 1903 2,082 2,325 2,146 2,169 2,523 3,041 3,106 3,160 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 1,106 1,151 1,257 1,588 1,522 1,472 1,450 1,355 1,671 1,451 
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Full-time science and engineering graduate students, by source and mechanism of support: 1980-89 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Other Federa!.... .............. 5.257 4897 4,562 4.715 4.541 4.282 4598 4,435 4.623 4.939 
Fellowships............ ee 356 359 333 378 361 367 416 358 341 392 
Traineeships ................. 180 120 146 157 115 95 69 98 90 89 
Research assistantships......... 4304 4.160 3,844 3,865 3,762 3,533 3,846 3,738 3,954 4.230 
Teaching assistantships ......... 132 66 31 34 16 81 26 22 49 58 
Mechanism unknown ........... 285 192 208 281 287 206 241 219 189 170 

Non-Federal support........... . 19.162 21,518 23.425 24669 26.265 28.208 30651 31.236 31,748 32.635 
Fellowships ........ jeeee ewes 3,110 3,543 3,982 4.063 4.066 4,007 4.116 3,859 3,622 3,775 
Traineeships ................. 526 628 546 489 525 544 629 644 711 743 
Research assistantships......... 5.459 5,947 6.124 6.628 7.669 9538 10.932 11,798 12488 13.354 
Teaching assistantships ...... - 7.263 8189 9.166 10019 10543 10678 11,092 11,101 11,122 11,066 
Mechanism unknown ........... 2,804 3,211 3,607 3,470 3.462 3,441 3,882 3,834 3,805 3.697 

Self-support................... 12,754 13.765 15.719 17673 17.684 16818 17.696 17.862 17,699 17,692 
Fellowships .................. 0 0 0 0 0 0 0 0 0 0 
Traineeships ................. 0 0 0 0 0 0 0 0 0 0 
Research assistantships......... 0 0 0 0 0 0 0 0 0 0 
Teaching assistantships ......... 0 0 0 0 0 0 0 0 0 0 
Mechanism unknown ........... 12,754 13.765 15,719 17673 17.684 16818 17.696 17.862 17,699 17.692 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering: 
Fall 1990, NSF 91-320 (Washington DC: NSF, 1991). unpublished tabulations: and annual series 
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Appendix table 2-23. 
Science and engineering graduate students, by field and citizenship: 1983-90 


1983 1984 1985 1986 1987 1988 1989 1990 
Total 
Total science & engineering. . . 349 547 352.027 360,722 370.487 376.632 378,274 386.047 401,569 
Totalsciences ............ 257,610 258.383 263.771 267.416 271.988 274.555 281.232 292 270 
Physical sciences........ 29.466 30,064 30.995 32.260 32.738 32,972 33.628 34.337 
Mathematics ........... 17,397 17.478 17,613 17,990 18.573 19.141 19.382 19.884 
Computer sciences ...... 23.616 25,810 29.844 31,425 32.137 32.787 32.846 34,507 
Environmental sciences _.. 15,544 15,612 15,545 15.163 14,522 14,032 13.848 14,159 
Life sciences........... 58.345 58.233 57.918 58.545 59 456 59.316 60.655 62.104 
Psychology............ 41,039 41,074 41,308 41,551 42 888 44 389 46.304 48.659 
Social sciences ......... 72,203 70,112 70,548 70,482 71,674 71,918 74.569 78,620 
Total engineering .......... 91,937 93,644 96,951 103,071 104,644 103,719 104.815 109.299 
U.S. citizens 
Total science & engineering... 278.994 279,554 283.741 286,279 287.606 284 243 287.681 299.110 
Totalsciences ............ 214.676 213,916 215,725 215,349 216,457 215.893 219.731 227 938 
Physical sciences........ 21,805 22.017 22.054 22.232 22.110 21.860 21,820 21,826 
Mathematics ........... 12.442 12.285 12.262 12.179 12,443 12.716 12.711 13,443 
Computer sciences ...... 18,068 19,451 22,386 23,419 23,409 23,717 23,122 23.778 
Environmental sciences ... 13,679 13,808 13,651 13,067 12.299 11,589 11,247 11,442 
Life sciences........... 49 567 49 208 48 366 47,918 47.785 46.612 46.878 47 391 
Psychology............ 39,605 39,685 39.811 40,047 41,346 42 726 44 652 46.819 
Social sciences ......... 59.510 57 462 57.195 56,487 57.065 56.673 59.301 63,239 
Total engineering .......... 64,318 65,638 68,016 70,930 71,149 68,350 67,950 71.172 


Foreign citizens 


Total science & engineering. . . 70,553 72,473 76,981 84,208 89.026 94,031 98 366 102.459 
Total sciences ............ 42,934 44,467 48 046 52,067 55,531 58,662 61,501 64.332 
Physical sciences........ 7,661 8,047 8,941 10,028 10.628 11,112 11,808 12,511 
Mathematics ........... 4.955 5,193 5,351 5,811 6,130 6,425 6,671 6,441 
Computer sciences ...... 5,548 6,359 7,458 8,006 8,728 9,070 9.724 10,729 
Environmental sciences .. . 1,865 1,804 1,894 2,096 2.223 2,443 2,601 2,717 
Life sciences........... 8,778 9.025 9,552 10,627 11,671 12,704 13,777 14,713 
Psychology............ 1,434 1,389 1,497 1,504 1,542 1,663 1,652 1,840 
Social sciences ......... 12,693 12,650 13,353 13,995 14.609 15,245 15,268 15,381 
Total engineering .......... 27,619 28,006 28,935 32,141 33,495 35,369 36,865 38,127 


SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering 
Fall 1990, NSF 91-320 (Washington DC: NSF, 1991), unpublished tabulations; and annual series 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total 
Total, all doctorates...... 31.020 31.357 31.111 31.282 31.337 31.297 31.895 32364 33490 34.319 36.027 
Total science and engineering . . 17,523 17,996 18,017 18.393 18514 18.712 19.251 19.707 20.741 21.530 22.673 
Total sciences ............. 15.044 15468 15.371 15612 15,601 15.546 15.875 15995 16551 16.986 17.781 
Physical sciences......... 2.521 2,627 2,694 2.802 2,845 2.916 3.090 3.212 3,317 3,244 3.494 
Mathematics ............ 744 728 720 701 698 688 729 740 749 859 892 
Computer sciences ....... 218 232 220 286 295 310 399 450 515 612 704 
Environmental sciences ... . 628 583 657 637 614 617 589 628 728 740 769 
Life sciences........... 4715 4.786 4.844 4756 4877 4.904 4.805 4816 5127 5203 5,509 
Psychology............. 3,098 3.358 3.159 3,347 3.257 3,117 3.124 3.169 3,064 3.203 3.267 
Social sciences ........... 3.120 3,154 3,077 3.083 3,015 2.994 3.139 2.980 3.051 3,125 3.146 
Total engineering ........... 2.479 2528 2,646 2.781 2.913 3,166 3,376 3.712 4,190 4544 4892 
U.S. citizens 
Total, allidoctorates.......... 25.222 25.061 24391 34.259 34027 23.370 23,081 22.983 23,287 23,398 24.190 
Total science and engineering . 13.400 13,544 13,292 13.413 13,250 12,947 12,869 12820 12.217 13.311 13.618 
Total sciences ............. 12,145 12374 12,123 12,250 12,011 11,668 11.486 11.262 10436 11447 11.691 
Physical sciences......... 1.884 1,956 1,991 2.064 2,071 2.043 2.014 2.080 2.100 1973 2.077 
Mathematics ............ 520 482 458 411 407 376 366 345 342 393 369 
Computer sciences ....... 156 168 143 180 178 189 202 243 284 338 343 
Environmental sciences ... . 512 472 528 483 474 442 422 425 511 529 521 
Life sciences....... ee 3,849 3,891 3.964 3,869 3,910 3,831 3,703 3,566 2670 3.724 3726 
Psychology ......... 2,849 3,111 2.876 3.044 2,935 2.805 2.766 2.747 2667 2684 2.790 
Social sciences ...... 2.375 2,294 2163 2,199 2,036 1,982 2.013 1,856 1.862 1806 1.865 
Total engineering ........ 1.255 1,170 1,169 1.163 1,239 1,279 1.383 1,558 1,781 1.864 1927 
Permanent residents 
Total, alidoctorates........ 1.290 1,281 1,228 1.275 1,224 1,324 1,432 1,578 1.624 1626 1,654 
Total science and engineering . . 952 893 854 898 835 929 987 1,086 1.129 1.121 1,158 
Total sciences ............. 653 592 558 579 561 614 644 731 762 756 782 
Physical sciences......... 151 147 119 120 119 135 133 147 136 146 167 
Mathematics ............ 62 43 41 46 36 42 36 51 44 35 47 
Computer sciences ....... 13 20 12 27 17 24 47 32 42 58 53 
Environmental sciences ... . 26 16 29 30 25 32 24 25 31 30 23 
Life sciences............ 186 159 140 150 149 151 165 208 263 227 241 
Psychology ............. 50 47 47 64 51 59 65 59 61 54 69 
Social sciences .......... 165 160 170 142 164 171 174 209 185 206 182 
Total engineering ........... 299 301 296 319 274 315 343 355 367 365 376 
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Appendix table 2-24. 
Science and engineering doctoral recipients, by field and citizenship: 1980-90 


(page 2 of 2) 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Temporary residents 

Total, all doctorates.......... 3,644 3,940 4.204 4,499 4 832 5.228 5,276 4.610 6.195 6648 7.744 

Total science and engineering . . 2.710 2962 3,127 3400 3,692 4,028 4.141 4450 4920 5.378 6.286 

Total sciences............. 1859 2020 2097 2.230 2,423 2.609 2.769 2.918 3.198 3437 4,095 
Physical sciences......... 426 442 506 539 564 620 758 798 865 888 1,021 
Mathematics .......... 139 186 192 209 232 238 272 302 305 346 413 
Computer sciences ...... 43 40 59 72 89 89 123 143 176 178 263 
Environmental sciences ... . 80 85 81 106 106 119 106 125 137 124 171 
Life sciences............ 592 613 603 629 675 779 711 781 902 964 1,245 
Psychology............. 71 80 65 7S 88 81 81 85 84 106 116 
Social sciences .......... 508 574 591 596 669 683 718 684 729 831 866 

Total engineering ........... 851 942 1,030 1,170 1.269 1,419 1,372 1,532 1.722 1,941 2,191 


Includes those who did not report their citizenship status 
SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations from the Survey of Earned Doctorates 
See figure 2-14 and figure O-17 in Overview Science & Engineering Indicators - 1991 


Appendix table 2-25 
Natural science and engineering bachelors degrees, by country: 1975-90 


1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Natural sciences 
North America and USSR 
Canada ..... 8.338 9.019 9.559 9.803 9312 9.210 C818 9 456 10.041 11,331 12876 14200 14.039 14.456 13.966 NA 
United States . . 117,988 121.722 123,087 121.861 120.621 119.645 120.387 123.346 125.712 131.163 138.275 138.993 134.984 125531 116.343 NA 
USSR ....... 98.800 102.171 105.738 108,981 111.521 116.700 119.200 121.000 121.200 122800 122400 119.228 106.400 106.700 NA NA 
Europe 
France........ 6.746 6.821 7.064 7.316 7.576 7,846 8.126 8.415 8.715 9 406 10.009 11.391 12068 12.391 13.270 14,320 
Italy... _ 10.915 11,293 11,372 11,120 10.267 10.735 11.268 11.417 11.062 11.667 11.971 12.047 12.765 13.012 NA NA 
Sweden...... 906 898 810 733 718 628 582 583 740 857 913 1075 1256 £1,347 NA NA 
United Kingdom 17,280 17.280 17,937 18,287 18.562 18850 21425 22.107 19.098 18.634 18.060 17471 16663 16.434 NA NA 
West Germany .... 6.510 6.426 7,239 7.618 7,571 8.043 8,939 9 266 10.124 10.802 11.507 12419 12925 14.714 NA NA 
Asia 
China...... NA NA NA NA NA NA NA 76.842 40.301 35.481 36.493 39.773 42.082 NA NA NA 
India ..... 123.353 118.671 114.223 110.004 106,004 109.217 112.669 116232 119912 123.165 128.236 129,964 133,257 137,419 NA NA 
Japan ......... 18,984 19.977 20689 21,625 23.871 22.736 23.358 22,771 22.381 23.423 23.626 23,805 24655 23.972 23,547 NA 
Singapore ... 466 490 335 347 528 573 460 577 663 726 854 945 1,012 982 1.166 1,278 
South Korea... . 5.657 5,791 6.175 6.699 7,279 7.922 9006 10448 11,394 12.486 15.068 15.235 16626 21.547 22.550 23,195 
Taiwan............ 3,700 4,111 3,946 4.126 4,151 4,334 4,341 4.491 4674 4.661 4 987 5.251 5472 5,990 NA NA 
Engineering 
North America and USSR 
Canada.......... 4584 4.842 5.155 5.923 6,696 7.228 7,226 7,348 7,987 8.328 8.589 8403 8835 7.887 7.781 NA 
United States....... 40,065 39.114 41.581 47,411 53.720 59.240 64,068 67.791 72.954 76.531 77.871 77.061 74,705 70,406 67.214 NA 
USSR ........ 272.100 280.400 291.400 300.100 306,800 319.800 327,000 330.300 331.500 335400 334,900 330.700 288.300 281.100 NA NA 
Europe 
France......... 9,956 10,264 10,176 10,429 11.100 11548 11,754 12,156 12.650 12.670 13.659 13.722 14576 14,998 16.658 17.019 
Italy .. 6.949 10808 10,798 10,788 10,777 10,767 10,757 10,663 10.570 10.477 10.386 10295 10.794 11318 11.867 NA 
Sweden........... 1,724 1,796 1,745 1,695 1,713 1.766 1.821 1.878 1,891 2.113 1947 2086 2455 2346 NA NA 
United Kingdom ..... 10,087 10,087 10,930 11,937 12.575 13.248 12299 11,696 10.600 10,577 10.438 10300 9618 ) 932 NA NA 
West Germany ...... 3,810 4,242 4,499 5.105 5.120 5449 5639 6,023 6.469 6,826 6.734 7216 7246 8.675 9.579 NA 
Asia 
Ciina............. NA NA NA NA NA NA NA 145,263 89.726 77,388 63.132 72.703 92.994 NA NA NA 
en 14,607 15.217 15,852 16,514 17.236 17,921 18669 19448 20.260 20,707 21,088 24,096 27.057 28,500 NA NA 
SOOON .... 2.020. 66.512 68,126 70,431 72,466 75,409 74.737 76,370 74,774 70,824 71,640 72,560 74,516 77.077 77.503 £77,009 NA 
Singapore ......... 236 241 290 240 272 288 323 349 585 585 769 924 907 1,452 1.129 1,347 
South Korea ....... 7,155 7,272 7,858 8,919 10,124 11492 13,044 14,806 20.636 22,190 23,539 27,612 27.600 26891 28,141 28,071 
Taiwan............ 5,000 5,142 5,258 5,559 6,315 6463 7,299 7,309 7,320 7,330 7,703 7,730 7508 7,994 NA NA 


NA = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations. See chapter 2 References for country sources 
See figures 2-15, 2-16, and 2-17, and text table 2-2. 
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Appendix table 2-26. 


Natural science and engineering degrees as a percentage of 22-year-olds, by country: 1975-90 


1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 i989 390 
Percent 

Western countries and USSR 
France ..... 1.97 2.02 2.03 2.09 2.21 2.40 2.46 2.42 2 46 2 58 2.75 2.93 3.12 3.21 NA MA 
Italy ..... 2.34 2.38 2.34 2.27 2.13 2.15 2.15 2.08 196 2.07 2.13 2.19 » 47 > 51 NA NA 
United Kingdom. . NA 3.48 3.62 3.75 3.82 3.89 3.97 3.87 3.31 3.16 3.00 2 96 83 Bi "WA NA 
United States 4.05 3.88 3.75 3.65 3.55 414 429 446 465 488 5.10 5 22 5.19 497 460 NA 
USSR. . 8.35 8.44 8.59 8.67 8 69 8.89 916 934 9 45 965 971 981 8 84 8.93 NA NA 
West Germany 1.23 1.24 1.34 1.32 1.38 1.53 158 144 1.54 1.57 1.62 1.76 1.82 2.1 NA NA 

Asia 
China NA NA NA NA NA NA NA 1.18 0.66 055 0.46 0.50 058 0.56 NA NA 
India...... 1.29 1.21 1.14 1.08 1.02 1.02 1.03 1.04 1.05 1.05 1.06 1.07 108 1.09 NA NA 
Japan..... 467 4.96 5.28 5.61 6.10 6.16 6.26 6.08 5.77 5.85 5 86 5 90 6.00 5 88 5.72 NA 
Singapore . . 1.40 1.41 1.17 1.06 1.40 1.45 1.33 1.58 2.15 2.27 2.83 3.40 3.63 479 470 NA 
South Korea . . 7.07 2.00 2.03 2.13 2.24 2.37 2.66 3.03 3.80 408 451 5.00 5.17 5.66 5.92 5.99 
Taiwan . NA 2.59 2.53 2.61 2.76 2.75 3.01 2.99 3.01 2.99 3.18 3.26 3.32 3.61 NA NA 

NA = not available 

SOURCE: Science Resources Studies Division, National Scrence Foundation, unpublished tabulations 

See figure 2-18 Science & Engineering indicators - 199 


AbY 


v92 


sejqe| xipueddy y xipueddy 


Science & Engineering indicators — 1991 


Appendix table 2-27. 


Population of 20- to 24-year-olds, by country: 1975-2010 


265 


1975 1980 1985 1990 1995 
Western countries and USSR 
France 4247 4 228 4.296 4247 4.202 
Italy 3,819 4.042 4617 4.726 4.415 
United Kingdom 3,891 4.125 4.747 4.493 3.882 
United States 19.527 21,584 21.208 18.788 17.292 
USSR 22.199 24.553 23.555 20.583 21,431 
West Germany 5.550 5 986 6.598 6.306 4.606 
Asia 
China. 90.236 86.505 107.785 128.692 124.198 
india 53.509 62.367 70.207 78.284 86.970 
Japan .. 9.155 7.906 8.184 8.942 10.009 
Singapore 296 296 287 234 223 
South Korea 3,089 4.103 4.281 4.281 4.374 
Taiwan... . 1,710 1,895 2.002 1,906 1.806 


2000 2005 2010 
3.696 3.780 3.860 
3.704 3.050 3.062 
3.396 3.606 3.776 
17.010 18.188 18.396 
23,051 25.017 25.277 
3,951 4.146 4.203 
96.821 92.344 108.403 
91.549 105.460 114,409 
8.503 7.432 6.919 
193 209 215 
4.563 3.999 3.740 
2.029 1.861 1,524 


SOURCES: UNESCO. Statistica! Yearbooks tor appropriate years. and unpublished tabulations 
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Appendix table 2-28. 
Natural science and engineering bachelors degrees as a percentage of total degrees, by country: 1975-90 
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Natural sciences 
Percent 
North America and USSR 
a NA 10 10 10 a 4 ) 4 10 10 11 12 12 12 11 NA 
United States ......... 13 13 13 13 13 13 13 13 13 13 14 14 13 12 11 NA 
eee 14 14 14 14 14 14 14 14 14 14 14 14 14 14 NA NA 
Europe 
France .............. 19 18 17 17 16 15 15 14 14 14 14 16 16 16 NA NA 
Sree 16 18 18 18 18 19 19 19 18 18 18 18 18 18 17 NA 
Sweden ............. 7 5 5 5 5 4 3 3 4 4 5 7 8 8 NA NA 
United Kingdom........ NA NA NA NA 15 15 17 17 14 13 12 12 11 10 NA NA 
West Germany ........ 19 18 19 19 18 17 19 18 18 19 19 19 19 20 21 NA 
Asia 
China............... NA NA NA NA NA NA NA 18 13 14 14 14 13 12 NA NA 
Inda................ NA 25 24 22 24 25 30 yas) 28 27 27 26 26 26 NA NA 
Japan............... 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 NA 
Singapore............ NA 20 21 15 15 19 22 21 24 23 20 20 20 20 20 21 
South Korea .......... NA 17 17 16 16 16 16 17 15 14 13 11 11 13 14 14 
Pe NA NA 14 13 13 13 13 13 14 14 13 14 14 14 15 NA 
Engineering 
North America and USSR 
Canada.............. NA 5 5 6 7 7 7 7 8 8 8 7 7 6 6 NA 
United States ......... 4 4 4 5 6 6 7 7 7 8 8 8 7 7 7 NA 
EP 38 37 38 38 38 39 39 39 39 39 39 39 38 36 NA NA 
Europe 
France ............... 28 27 25 24 23 23 21 21 20 19 19 19 19 19 NA NA 
PTT Trererre 10 16 15 15 15 15 15 15 15 15 14 14 14 14 14 NA 
Sweden ............. 13 10 11 11 11 11 10 10 10 10 11 13 15 14 NA NA 
United Kingdom........ NA NA NA NA 10 11 10 a] 8 7 7 7 6 6 NA NA 
West Germany ........ 11 12 12 13 12 12 12 12 12 12 11 11 10 12 12 NA 
Asia 
re NA NA NA NA NA NA NA 35 30 31 25 24 27 26 NA NA 
Pere ee NA 3 3 3 3 3 4 4 4 4 3 4 4 4 NA NA 
sap 6eeeveceses 21 21 21 20 20 20 20 20 19 19 19 20 20 20 20 NA 
Singapore............ 10 12 14 12 12 13 18 18 25 19 21 22 21 31 22 NA 
South Korea.......... NA 21 21 22 22 23 23 24 27 24 20 20 18 17 17 17 
TD cnc ceccccccess NA 18 18 18 20 19 23 22 22 21 22 21 19 21 NA NA 


NA = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations. 
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Appendix table 3-1. 
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989 
(page 1 of 4) 


Number of jobs 


Industry 1980 1983 1986 1989 
Thousands 
TOTAL PRIVATE 
Alloccupations....................... 66,160 65,556 73,279 79,501 
All scientists and engineers.............. 1,366 1,523 1,702 1,917 
Scientists ..............2020..0...... 374 425 498 568 
oso 0: tise 4.449% 9-69 4.6K 042 0 ww ed eS 19 26 29 34 
Mathematical................... 45 59 66 79 
Physical....................... 108 110 113 112 
Social ..............2.202..0...... 26 29 25 25 
Computer specialists.............. 175 201 264 318 
Engineers........................ 992 1,098 1,204 1,349 
Aeronautical/astronautical.......... 27 33 59 57 
Chemical...................... 45 47 42 41 
ee 79 104 94 103 
Electricai/electronic............... 273 319 377 436 
Industrial ...................... 133 103 120 124 
Mechanical..................... 198 199 196 208 
Other ............2.00.000.0.... 237 294 317 381 
MANUFACTURING 
Alloccupations....................... 20,286 18,434 18,964 19.442 
All scientists and engineers.............. 745 814 927 993 
Scientists ...............20..0..0... 140 144 175 193 
Mn aceaesweetieeceuse awe tnues 11 15 18 23 
Mathematical ................... 13 12 14 12 
NS & 6 464-44.6-04.46469-045 4.4 0%5 64 57 57 55 
BOG 0 ee eee 1 1 1 1 
Computer specialists.............. 52 59 85 103 
er 605 670 753 804 
Aeronautical/astronautical .......... 23 29 52 49 
Chemical ...................... 33 36 34 31 
Pere ee ee 7 8 8 8 
Electrical/electronic............... 159 206 234 256 
a) 123 89 104 104 
Mechanical..................... 126 135 135 143 
DE 6-0@5.65 66-04% x04 ew hee eke 135 167 185 213 
NONMANUFACTURING 
Alloccupations....................... 45,874 47,122 54,315 60,059 
All scientists and engineers.............. 621 709 775 920 
Scientists .............00 20202000005. 234 281 323 375 
Life... ee 8 11 12 11 
Mathematical................... 33 47 53 67 
Sere rere eee ee 44 53 56 57 
ED 6c ececdticscséeeseeseace 25 28 24 24 
Computer specialists.............. 124 142 179 216 
ee 387 428 452 545 
Aeronautical/astronautical.......... 4 4 6 8 
Chemical ...................... 12 11 8 9 
Mh phos CE bCESEOEC Ob ORD 6 Ob 6085 73 95 86 94 
Electrical/electronic............... 113 113 144 180 
Industrial ..................0.... 10 14 15 20 
Mechanical..................... 72 64 61 65 
ME cedcvesscceceasadeaceseda 102 127 131 168 


(continued) 
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Appendix table 3-1. 
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989 
(page 2 of 4) 
Number of jobs 
Industry 1980 1983 1986 1989 
Thousands 
Mining 
All occupations....................... 1,027 952 777 693 
All scientists and engineers.............. 55 65 56 47 
Scientists ........................ 26 30 26 21 
BI ccc eres ccc cvecccesesvece 0 0 0 0 
Mathematical ................... 0 0 0 0 
Physical....................... 21 25 22 18 
Social ........................ 0 0 0 0 
Computer specialists.............. 4 5 4 3 
Engineers........................ 29 35 30 26 
Aeronautical/astronautical.......... 0 0 0 0 
Chemical................0..... 1 1 1 1 
rere 1 2 1 1 
Electrical/electronic............... 2 1 1 1 
Industrial ...................... 0 0 0 0 
Mechanical..................... 1 3 2 2 
Other ........202200.02...0..0... 24 28 25 21 
Construction 
All occupations....................... 4,346 3,948 4.816 5.187 
All scientists and engineers .............. 53 48 32 22 
Scientists ............0.00.000.00.. 1 1 1 1 
i oc nee hee eahees bed bey ee ees 0 0 0 0 
Mathematical ................... 0 0 0 0 
so 0 0 0 0 
PE nos06 oes 0 0.94664040445-08 0 0 0 0 
Computer specialists.............. 1 1 1 1 
SD A rece tne eceeeecessesseae 52 47 31 21 
Aeronautical/astronautical .......... 0 0 0 0 
a 0 0 0 0 
Se ere reer rere eee 18 19 10 7 
Electricai/electronic............... 7 6 5 3 
Industrial ........2.............. 0 1 1 1 
Mechanical..................... 10 7 5 4 
DE p4n004 00000406400 5455405 17 13 10 6 
Communications/transportation/utilities 
All occupations....................... 5,146 4,954 5,255 5,644 
All scientists and engineers .............. 95 114 110 113 
Solemtists 2... ce eee 13 32 32 32 
DE eG eaeecerenceadecrecereedes 0 0 1 0 
Mathematical ................... 1 4 2 2 
DE 6 06a kee eneeseeeicenens 0 0 2 2 
PE siuceehoeesenne se eeiens.s 0 1 2 0 
Computer specialists.............. 11 C 19 26 
ee ere ee 82 81 78 81 
Aeronautical/astronautical.......... 1 1 1 1 
Chemical...................... 1 1 1 1 
DA 00-59:000.4004.6.4600 0G 000000 5 7 
Electrical/electronic............... 43 40 38 39 
DE videeeascccceccccesess 4 6 5 8 
Mechanical..................... 7 6 6 5 
MT bshagbeeneedacedsaesenes 20 21 20 20 
(continued) 
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Appendix table 3-1. 
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989 
(page 3 of 4) 
Number of jobs 
Industry 1980 1983 1986 1989 
Thousands 
Trade 
Alloccupations....................... 20,310 20,880 23,683 25,769 
All scientists and engineers .............. 66 66 72 97 
Scientists ........................ 26 30 27 21 
re 0 1 1 0 
Mathematical ................... 0 2 0 0 
ee er 1 2 2 0 
Social ........................ 0 0 0 0 
Computer specialists.............. 25 26 24 21 
Engineers........................ 40 36 45 76 
Aeronautical/astronautical.......... 0 0 0 0 
Chemical...................... 3 0 0 0 
Civil... 2.2.2.2... 2.0.2. ee eee 0 0 0 0 
ElectricaVelectronic............... 16 11 16 21 
Industrial ...................... 0 0 0 0 
Mechanical..................... 18 9 7 6 
Other .......2.2.0200.......0.... 3 15 23 49 
Financial services 
All occupations....................... 5,160 5,468 6,283 6,695 
All scientists and engineers .............. 52 73 95 134 
Scientists .........0.00..0.0...0... 46 64 86 116 
ON 66 eee GN Chew deeb eseecaaes 0 0 0 0 
Mathematical ................... 16 23 27 38 
ee 0 0 0 0 
SE 66.66.04 4-40-6445 05 048 4404 888 2 7 6 7 
Computer specialists.............. 28 33 52 71 
re 5 8 10 19 
Aeronautical/astronautical.......... 0 0 0 0 
Chemical...................2.. 0 0 0 0 
ee ee ee ee 0 0 0 0 
Electrical/electronic............... 0 0 0 0 
Industrial ....................2.. 0 0 0 0 
Mechanical..................... 0 0 0 0 
EY dakeakdeteeeuedesakeceuns 5 8 10 19 
Business and related services 
Alloccupations....................... 9,885 10,920 13,501 16,071 
All scientists and engineers .............. 301 356 416 508 
Scientists ...........0.......00005. 122 134 159 185 
OD pce ceuneeecdvneeeaaye one as 7 9 10 11 
Mathematical ................... 15 18 24 28 
Physical..................2005. 22 26 30 37 
Social ............0 20.0 0.00005. 23 20 16 17 
Computer specialists.............. 54 61 80 93 
ss I eee 179 222 257 323 
Aeronautical/astronautical.......... 3 3 6 7 
Chemical...................4.. Q 8 6 7 
Me gs esecbeseaseeseaceereses 49 68 67 80 
Electrical/electronic............... 46 55 84 116 
EE 6 & 6600 0:6 ceed 9008 1000 6 5 6 10 12 
ss ee re 35 39 40 48 
ET 6045 o544460046%46060¢404:0 32 42 45 53 
(continued) 
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Appendix table 3-1. 
Total and scientist and engineer employment, by industry: 1980, 1983, 1986, and 1989 
(page 4 of 4) 
NOTES: Details may not sum to totals because of rounding. The Standard industrial Classification numbers are: 
Manufacturing... .. Se rr ee ... 20-39 
Nonmanufacturing 
0 ee eee eee eee ceases 10-14 
I ng C4 be CaaS EKER SAL SS YESS 15-17 
Communications/transportation/utiliies .......... .... 40-49 
Bs oc ciecaee5465 60e 444 eu 4b OO w Eee RAN eae ED 50-59 
Financial services ....................-.0-..2.4.. . 60-67 
Business and related services....................... 70-79,81.83,87 


‘The “other” engineering category includes a number of smaller fields that are combined in the interest of space. None of 
these fields individually accounts for more than about 5 percent of the total engineering jobs. 


SOURCES: Science Resources Studies Division, National Science Foundation, unpublished tabulations; and Bureau of 
Labor Statistics, unpublished tabulations from the Occupation Employment Statistics Survey. 


See figures 3-1, 3-2, 3-3, 3-4, and 3-5, and figures O-8, O-9, and O-10 in Overview. Science & Engineering indicators — 1991 


Appendix table 3-2. 
Scientists and engineers employed in R&D in manufacturing industries: 1989 


Scientists in R&D Engineers in R&D 
Computer Aeronautical/ Electrical 
Total Life Math Physical specialists Total §astronautical Chemical Civil electronic Industrial Mechanical Other 
Thousands 

Total manufacturing............ 37.8 11.5 0.6 21.3 44 77.7 56 6.5 0.1 32.6 1.7 94 21.8 
Transportation equipment........ 2.0 0 0.3 0 1.7 19.7 5.6 0.2 0 0.5 0.5 1.3 11.6 
Machinery, except electrical ...... 0.5 0 0 0 0.5 16.4 0 0 0 10.7 0.3 2.7 2.7 
Electricai/electronic equipment ... . 0.6 0 0 0.3 0.3 13.8 0 0.2 0 11.1 0.1 1.1 1.3 
instruments and related products. . . 2.0 0.6 0 0.6 0.7 12.9 0 0.3 0 96 0.3 1.0 1.7 
Chemicals and allied products... . . 27.8 10.5 0.2 16.2 0.9 7.0 0 41 0 0.3 0.2 0.6 18 
SE eT eT TTT Tee 49 0.4 0.1 42 0.3 7.9 0 1.7 0.1 0.4 0.3 1.9 3.5 
SOURCES: Science Resources Studies Division, National Science Foundation, Tota/ and R&D Scientists, Engineers, and Technicians in Manufacturing Industries: 1989 (Washington. DC:NSF) 
See figure 3-6. Science & Engineering indicators - 1991 
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Appendix table 3-3. 
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree 
and graduate school status: 1990 


Appendix A. Appendix Tables 


Graduate school status 


Full-time Part-time No 
Field of degree Total student Student Non-student Other report 
Total science and engineering........................ 643,200 127,100 68.800 439 200 7,400 800 
Wena, ow. wc ccc ccc cc cc cece cece ecess 494 500 110,000 50,800 327,000 6,200 £00 
ss bi 5 4 oak 6 ON 4 ROMEO O ee One heehee EES o 23,400 11,600 2,600 15,100 100 : 
Mathematics ...................002020.02.0.000.5. 35,200 6,500 3,900 24,300 500 
EE 6 ae ae aaa EERE OR ROR ER SS 69,300 4,100 6,600 57,900 400 300 
Environmental....................2222.....0.0.. 7,300 2,200 700 4.400 * . 
Sc cceeks veo e ens eweane bebe eee wersenn bese ca 111,200 35,600 10,400 64,100 1,000 
NE 5. 6-5 w-b.0s 40 oe oe hoe been ted ebsne eee ees 85,700 17,900 12,000 54.300 1,200 200 
a cccsckanswedapeatacwesansaeusteebebuewkan 156,400 32,000 14,500 106,900 3,000 : 
Total engineering ..... 2.2.2... eee 148,700 17,100 18,000 112.200 1,200 300 
Aeronautical/astronautical.......................... 6.700 800 700 5,200 * . 
nc 66.046 be Kod 04d k Gs OOO ebb tER ERED OO 7,700 1,100 700 5.700 . ; 
sc acdbs 64 44H EO Seo EKEO4E ES b4EEE CREE REROR 15,200 1,500 1,200 12,300 100 7 
Electrical/electronic ..................0.0000200.. 55,500 5,900 8,100 40,800 600 200 
Ss ooh 4-0 644-04 GbdS AKON SCE GES RESKEEE EOS 12,300 600 1,700 9,900 100 , 
5.066664 EMER ESSEREOR SCORER ES GDERGAETE OR 1,800 400 100 1,200 . . 
a cece oe tbo cheb nd bbb ee abeernneees 30,000 3,200 3,100 23,300 300 100 
DE pec esce ess eseeeseseveceseceeduseneness 1,100 300 . 800 . : 
SL. oc eto b 450.445 54640446 0S ES UE ERG EERE E 900 200 200 500 
PR: os bese eee eeneeete saree keasecedeuens 1,200 200 100 900 . 
DE atcncnch cendsaceean de tes aha cetakeekuae 16,500 2,800 2,000 11,600 100 100 


* = too few cases to report 
NOTE: Details may not sum to totals because of rounding. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC 
NSF, forthcoming). 


See figure 3-8. 
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Appendix table 3-4. 
Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree and graduate school 


status: 1990 


Graduate schoo! status 


Full-time Part-time No 
Field of degree Total student Student Non-student Other report 
Total science and engineering......................... 136,600 31,100 10,300 94.400 800 100 
VeRMGUIOMOOS . 0 ww ccc cc cece c ccc ccc ees 93,700 23,600 6,760 63,100 300 100 
ER 0:66 p6.6.b0 4 668 6:6 6 oe SG Re eE ESE KOR Se OPS 9.200 3,800 500 4.700 100 * 
Mathematics/statistics .................02.0.0..... 10,600 1,900 800 7,800 . . 
Computer .................2.-0..02--.-0-.2-2-.. 22.200 2,100 1,500 18,500 . . 
Environmental..................02.0..0.0220200.. 5.200 1,100 300 3,800 100 . 
ssn ad es eu keaGs ene uae he CS we ewe tennekea 19,300 6,800 1,200 11,200 100 
Psychology ...... 2.2.2.2... ee eee 7,300 2,500 800 3,900 : 
Ns .6 5646 eo deeb dew neue hh ew anakeee eek ene ens 19,900 5,200 1,500 13,100 100 
Total engineering ...... 2.2.20... 02 eee eee 42,900 7,500 3,600 31,300 500 . 
Aeronautical/astronautical.......................... 1,800 400 100 1,300 ° . 
0 2,100 600 100 1,400 . 
PE ccc nancies 6h Sos HERRERO HES OEE OTENOEREO ERS 4,700 500 300 3,900 100 
Electrical/electronic ..............0....2.2.002002. 13,800 2,600 1,700 9,100 300 : 
Industrial... ee eee 2,600 200 100 2,200 . 
Materials... 2... eee eee 1,700 600 100 1,000 . . 
Mechanical... 2.2... 2 eee 8,000 1,200 800 6,000 . . 
RE 54 646 6.6 @ 405 400065 05 426646546 6680 ShECs Os 500 100 . 400 . . 
Nuclear... ee eee 500 200 . 200 
Petroleum... 2. ee eee 400 100 ° 300 
PT acs ni cee ks ee hte es bab eee dee einseeneséues 6,700 900 400 5,400 


* = too few cases to report 
NOTE: Details may not sum to totals because of rounding. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC 
NSF, forthcoming). 
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Appenc... table 3-5. 

Median annual salaries of 1988 and 1989 science and engineering (S&E) bachelors degree recipients, by field of degree, 

gender, and race/ethnicity: 1990 

Native 

Field of degree Total Male Female White Black Asian American Hispanic’ 

Total science and engineering... . . $26,000 $29,500 $21,600 $26,100 $24,000 $30,000 $21,900 $25,100 

Total sciences................ 23,000 25,100 20,100 23,000 22,200 27,900 . 21,100 
ere 25,100 26,500 24,900 25,000 : ° 7 24.000 
Mathematics/statistics ........ 23,600 24,000 23,000 24,000 : 7 . . 
Computer................. 30,100 30,600 30,000 30,100 28,000 33,200 30,000 
Environmental.............. 23,700 24,000 22,900 23,600 . 7 . . 
eee 21,000 23,000 19,600 21,000 20,100 
Psychology................ 18,600 21,300 18,000 18,600 ' ; 
ee 21,969 23,900 20,100 21,500 21,900 . . 

Total engineering.............. 33,000 33,000 33,800 33,300 32,500 32,800 : 32,200 
Aeronautical/astronautical .... . 34,800 34,400 . 34,900 . 7 ° . 
Chemical ................. 35,100 35,100 35,100 35,200 . 7 
eee 30,100 30,100 31,100 30,000 . 33,600 7 32,900 
ElectricaV/electronic.......... 34,000 34,000 33,900 34,300 32,900 33,300 . 
ED 2 «0.9 06.0.0 © 0% 6 4 0% 31,100 30,600 32,700 31,500 27,000 . . 28,000 
Materials ................. 33,200 33,800 31,600 32,900 . . . 
Mechanical.............. 34,000 33,800 35,000 34,000 . . . . 
Mining ................... 30,100 31,000 : 31,000 : : : 
Nuclear .................. 33,300 34,000 31,600 33,000 . . . 
Petroleum................. 36,600 36,500 38,700 36,600 7 . . 
Se eee 30,000 30,000 30,100 30,100 . 


* = NO median was computed for groups with fewer than 20 individuals reporting salary 
NOTES: Median salaries were computed only for full-time employed civilians. Data exclude full-time graduate students 


‘Includes members of all racial groups. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC 


NSF. forthcoming). 
See text table 3-1. 


Science & Engineering indicators 


1991 


Science & Engineering Indicators — 1991 275 


Appendix table 3-6. 
Median annual salaries of 1988 and 1989 science and engineering (S&E) masters degree recipients, by field of degree, 
gender, and race/ethnicity: 1990 


Native 

Field of degree Total Male Female White Black Asian Amencan __— Hispanic 

Total science and engineering. .. . . $37,000 $39,000 $32,800 $37,500 $35.000 $35,900 . $36,100 

Total sciences................ 33,800 35,400 31,200 34,000 30,100 33,000 . 29,000 
ere fen 34,900 36,000 31,100 35,900 . 32.100 . . 
Mathematics/statistics ........ 32,800 35,000 30.000 32.800 ' . 
Computer................. 42,100 42,900 40,100 43,900 . 36.000 
Environmental.............. 33,800 35,000 31,800 34,300 . . 

SD enue ei utes env eesaceds 26,900 26,900 26.600 26.900 y 
Psychology................ 32,000 36.900 32,000 32,100 . 
ee rer 31,000 30,000 31,200 31,100 . 

Total engineering.............. 41,400 42,000 40,100 42.100 41,900 39,100 . 40,100 
Aeronautical/astronautical ..... 46,500 46,500 . 46,500 . . . . 
Chemical ................. 40,200 40,600 38,100 41,000 . 39,100 . . 
eee 35,200 35,200 35,600 35,900 . 30,800 , . 
Electrical/electronic.......... 46,500 46.700 : 47,900 . 41,000 
industrial ................. 40,300 40,200 40,400 42,000 . . 

Materials ................. 41,300 40,400 42,200 41,400 . 40,100 
Mechanical................ 42,100 42.100 . 42,100 . . 
ey ee ee 37,300 37,500 : 37,300 . 
eee ee 40,200 40,100 40,400 . 
Petroleum................. 40,800 41,100 : 40,900 . 
Pn checnseedanivessins 39,000 39,900 37,000 39,000 . 40,000 


* = NO median was computed for groups with fewer than 20 individuals reporting salary 
NOTES: Median salaries were computed only for full-time employed civilians. Data exclude full-time graduate students 
‘Includes members of all racial groups. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates. 1990 (Washington. DC 
NSF. forthcoming). 


See text table 3-1. Science & Engineering indicators - 1991 
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Appendix table 3-7. 
Selected employment characteristics of 1988 and 1989 science and engineering bachelors and masters degree recipi- 
ents, by field of degree and gender: 1990 
(page 1 of 2) 
Labor force Unemployment in-field employment S&E employment 
Participation rate rate rate rate 
Field of degree and gender Bachelors Masters Bachelors Masters Bachelors Masters Bachelors Masters 
TOTAL SCIENCE 
AND ENGINEERING............. 97.4 97.1 3.4 18 37.8 59.0 62.0 89.3 
Es sa. g.o6 6604 WENO Ow OO Se 98.2 98.5 3.5 15 42.7 57.6 NA NA 
SDs nob tb acuees wee ue ees 96.1 93.9 3.3 2.7 29.9 62.4 NA NA 
Total sciences................. 96.9 96.9 3.7 1.9 33.2 59.6 52.5 85.2 
Cn cn6en eo 6U 064 660% bos 97.7 98.8 40 15 38.0 57.1 NA NA 
Ss -6c-awbecuwee6eeered 95.9 94.0 3.4 26 27.7 63.7 NA NA 
rere 97.0 97.9 5.0 2.1 35.6 43.4 848 % 8 
Re nc eyo e se ebaeeeeeens 97.3 98.5 6.0 2.1 33.9 41.7 NA NA 
eee 96.5 . 28 . 39.1 , NA NA 
Mathematics/statistics.......... 96.7 98.1 4.1 1.1 39.6 57.4 74.0 87.8 
ee 98.7 99 6 3.1 1.5 31.7 53.3 NA NA 
Ch 66006 60oseb5s ose 948 95.9 52 0.5 479 63.1 NA NA 
ED. 5 6.6.00 0600-644 0-44< 64 98.3 98.2 2.5 15 815 77.2 87.9 91.8 
Dh 6606s eb eueeseees 0 98.9 99.3 24 0.8 79.7 73.0 NA NA 
ss |e 96.7 95.3 2.6 3.2 86.5 88 8 NA NA 
Environmental............... 97.2 99.8 48 2.7 56.1 69.4 846 100.0 
ee ... 972 99.7 45 2.7 57.3 715 NA NA 
Ss 6 6564064660666 660% ’ ’ . . . NA NA 
Seer eres 96.0 96.5 46 2.1 38.4 59.0 64.8 90.4 
Male............00.000555. 97.8 98.0 43 2.1 40.4 52.5 NA NA 
Ns 6.06 %.60.0'0-0- 0085-6 66:4 94.3 95.0 48 2.1 36.5 65.9 NA NA 
Psychology ................. 96.1 97.6 29 3.6 99 48.1 29.5 71.9 
6666656 b66.5 065060 97.4 100.0 6.9 2.5 9.4 41.0 NA NA 
ee 95.5 96.3 1.0 42 10.1 52.3 NA NA 
MD vog6266e6s00000<e%e0% 97.1 93.4 40 2.1 14.1 43.5 28.0 68.0 
MA 66-0 6.6:05.4.6:660-4.0604 0-9 96.9 97.5 3.8 12 16.6 38.9 NA NA 
Female................5.. 97.4 88.5 42 3.3 11.2 49.5 NA NA 
Totalengineering .............. 98.9 97.5 2.7 1.7 50.7 578 90.8 98.2 
ere ere 99.0 98.1 28 1.5 50.9 58.2 NA NA 
Female ....... 2.0.0.5 50005.% 98.0 93.1 2.1 3.2 498 545 NA NA 
Aeronautical/astronautical. ...... 100.0 . 2.5 , 48.9 : 82.3 93.8 
Dee ddvecesececeecees 100.0 . 2.7 . 46.7 . NA NA 
Female..............455. : . . . . . NA NA 
Chemical............... ... 951 : 28 . 496 . 98.5 NA 
Male... . 2... 0.00.00 00505. 93.2 . 40 . 51.8 , NA NA 
Female..............005. 99 2 . 0.2 . 45.2 . NA NA 
ere ee ree 98.6 98.1 2.0 14 71.1 69.1 92.9 NA 
Male... 0.6.6. eee 99.3 98.9 2.1 16 71.1 70.8 NA NA 
Female................4.. 948 . 0.9 . 71.3 . NA NA 
Electricai/electronic............ 99.3 95.8 26 1.5 53.3 57.7 92.0 NA 
ee ecéecececeeseses 99 4 96.9 2.6 0.8 53.8 58.6 NA NA 
Female... 0... cee 98.7 3.2 : 49.5 7 NA NA 
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Appendix table 3-7. 
Selected employment characteristics of 1988 and 1989 science and engineering “achelors and masters degree recipi- 
ents, by field of degree and gender: 1990 
(page 2 of 2) 
Labo” force Unemployment in-field employment S&E employment 
Participa..on rate rate rate rate 
Field of degree and gender Bachelors Masters Bachelors Masters Bachelors Masters Bachelors Masters 
industrial.............. _... 989 99.1 45 5.9 422 26.5 85.2 79.2 
Sn oda ueee shee Suse ees 99.4 99.0 53 6.3 419 27.1 NA NA 
Female.................. 969 . 15 . 43.5 . NA NA 
CER 6b ceegeciecenak-ees . : . . . . NA NA 
2a re - ' : . . . . NA NA 
Female... .. : : . . . : NA NA 
Mechanical .............. . 987 99.5 3.0 08 443 60.4 91.5 94.7 
i cg éveecdnesnees .. 989 99.7 28 08 43.3 61.1 NA NA 
PDs 6 6-9.664 4006 608s 97.1 . 44 ' 52.2 . NA . 
Mining............. . : ; . . NA NA 
Male............. 7 . . ; . . NA NA 
Female........... . ' ° . ° : NA NA 
Nuclear.......... . . . : . . NA NA 
Male... .. ' . . . , NA NA 
Female.............. . . . . . : NA NA 
Petroleum seveseeuen ' . 7 . 7 NA NA 
Male.................... ™ . ' : NA NA 
Female............ sees . . . . : NA NA 
er eee 99.0 97.4 14 1.6 38.6 53.5 84.1 98.3 
0 -4-6'6:0.0-066 65-0 6:6.05 0-6-4 98.9 97.4 16 1.6 38.6 48.7 NA NA 
in + 6.5.666-6-085 6604 0% 99.4 06 . 38.7 . NA NA 


* = no rate was Computed for groups with fewer than 1.500 individuals in labor force: NA = not available 

NOTE: Data exciude full-time graduate students 

SOURCE: Science Resources Studies Division, National Science Foundation. Characteristics of Recent Science and Engineering Graduates: 1990 (Washington. DC 
NSF. forthcoming) 

See figure 3-8 and text table 3-2 Science & Engineering indicators - 1991 
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Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree and primary work activity: 1990 


Primary work activity 


Research and development 


Management/administration 


Reporting, 
Total Basic Applied Of Prod/ stat. work/ Professional 
Field of degree employed Total research research Deviopment Total Of R&D non-R&D Teaching inspection computing Sales services Other No report 
Total science and engineering.......... 485,400 89,200 9,300 19,100 60,800 70,700 11,500 59.200 47,500 68,200 73.700 46.400 8.100 77,600 4.200 
Total sciences..................... 358,800 45,500 8,500 15,200 21,800 56,000 8.400 47,700 45.300 37,100 61.700 41.70 7,900 60,300 3,300 
it pemtee ne e440 44440048 16,400 4,800 900 1,700 2,300 1,600 200 1,500 2,000 3,100 1,40 1,100 100 2,200 100 
Mathematics/statistics ............ 26,600 2,000 300 500 1.200 2,300 500 1,800 7,700 2,000 6,600 2.200 P 3,600 100 
Computer ..................... 62,500 13,500 200 800 12,500 4,700 800 3,900 1,300 5,000 28,700 1,300 200 7,100 600 
Environmental.................. 4,700 700 200 500 , 400 , 400 300 1,100 500 200 . 1,400 , 
ee 69,300 15,000 5,500 6,300 3,300 9,200 1,600 7,700 8,100 13,400 3.300 5.600 2,300 11,300 1,000 
Psychology .................... 63,300 3,600 1,000 1,900 800 11,500 1,200 10,200 12,900 3,800 5.300 8.100 3,600 13,900 600 
D+ teebeneces<veeeeserews 116,000 5,900 500 3,600 1,600 26,300 4,000 22,200 12,900 8.700 15,900 23,100 1,600 20,700 900 
Total engineering................... 126,700 43,700 800 3,900 39,000 14,600 3,100 11,500 2,200 31,000 12,000 4,700 200 17,300 900 
Aeronautical/astronautical.......... 5.800 2,100 100 300 1,800 500 100 400 300 1,100 300 100 : 1,500 ’ 
ee 13,200 2,500 . 200 2,300 2,200 100 2,100 100 3,300 1.000 200 ° 3,600 300 
Electrical/electronic .............. 47,900 18,900 200 1,700 17,000 5,300 1,700 3,500 500 11,200 5.700 1,700 4,200 400 
eee 11,100 1,800 200 1,600 1,900 300 1,500 100 3,500 1,400 700 100 1,400 100 
Fer 25,600 11,100 100 700 10,300 2,000 100 1,900 600 6,100 1,500 1,100 . 3,100 . 
SS re 23,100 7,300 300 800 6,000 2,700 800 2,100 600 5,800 2.100 900 3,500 . 


* = too few cases to report 
NOTES: Details may not sum to totals because of rounding. Data exclude full-time graduate students. 
SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF, forthcoming) 
See figure 3-10. 
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Appendix table 3-9. 
Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree and primary work activity: 1990 


Primary work activity 


Research and development Management/administration R 
eporting/ 
Total Basic Applied Of Prod./ Stat. work/ Professional 
Field of degree employed Total research research Deviopment Total Of R&D non-R&D Teaching inspection computing Sales services Other No report 

Total science and engineering ......... 100,600 34,000 3,100 8.000 22,800 15,100 5,000 10,100 12,200 7,600 16,100 2,200 1.300 11,900 200 

paeveeGueereasdatyawe 66,700 16,400 2,600 5,400 8.500 10,800 3,000 7,800 11,400 3,900 13.200 1.700 1,200 8,000 100 

iiecebe sees s 6 4a:5 545 454 3 5,200 2,200 500 800 900 300 100 200 1,200 600 400 ' . 400 : 
Mathematics/statistics ............ 8.400 1,300 100 500 700 1,000 300 700 3,400 400 1,700 . : 500 
eceeebeee se sis ere es 19,400 6,000 100 700 5,200 3,300 1,500 1,800 800 800 6,900 300 . 1,300 
Environmental................ 4,000 1,100 200 600 300 500 100 300 200 600 600 . . 1,000 
ee 11,800 3,800 1,200 1,800 900 1,600 600 1.100 2.400 900 900 500 300 1,200 
Psychology.................... 4,500 400 . 100 300 900 100 800 1,200 100 400 : 800 800 
edge eee ge ateke ea aneeeenss 13,400 1,500 300 1,000 200 3,200 300 2,900 2.100 500 2,200 800 . 3,000 

Total engineering................... 33,900 17,600 600 2.700 14,300 4,300 2,000 2,300 900 3,800 2,900 600 . 3,900 100 

Aeronautical/astronautical.......... 1,400 900 ’ 300 600 200 100 100 : . 100 . 100 : 
PO nr re 4.100 1,200 . 200 1,000 600 100 500 100 500 400 100 . 1,300 
Electrical/electronic .............. 10,500 6,600 200 600 5,800 1,000 800 200 300 1,100 1,000 200 . 400 
eb adedeee aexeneua ens 2,200 500 . 100 300 500 100 400 ? 500 200 100 . 400 
Mechanical.................... 6,700 4.500 100 500 3,900 600 400 300 200 600 400 ; : 300 
neue cae 6kee ue sents" 9,000 3,900 200 1,000 2,700 1,400 500 800 200 1,000 800 100 : 1,300 


* = too few cases to report 


NOTES: Details may not sum to totals because of rounding. Data exclude full-time graduate students. 
SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF. forthcoming). 
See figure 3-10. 
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Appendix table 3-10. 
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of employer: 1990 
(page 1 of 3) 
Type of employer 
Business and industry Educational institution 
4-year Non- State/ 
Total Seif- college/ profit Federal local No 
Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't govt Other report 
TOTAL SCIENCE & ENGINEERING.................... 485,400 313,000 301,600 11,300 47,300 15,800 31,600 24400 20300 26900 51400 2,100 
NE he gk ahaa 4 09 496 6.545%.4 KA ¥TER ORR TER DES ES 299,000 213,200 203,700 9500 20400 8000 12400 6,700 12900 15,800 28,800 1,300 
ER ccc cecdevereveeee eeeuaveeverecesenenes 186,400 99,800 98,000 1900 26900 7,700 19200 17,700 7,400 11,100 22,600 800 
Total sciences.............................2225.. 358,800 214,000 204500 9600 44800 14100 30,700 23,300 12400 21,100 41,400 1,700 
Male ................. 2.002.222 eee eee 191,100 128,800 121,000 7,800 18,300 6,700 11,600 5,800 6.400 11,000 19,900 900 
Female .............. 202.0200 167,700 85,200 83,500 1.700 26,500 7,300 19,100 17,400 6,000 10,100 21,500 800 
Physical............0..0.020 0.000000 cece eee eee 16,400 10,100 10,000 100 3,100 800 2,200 400 500 600 1,700 100 
Male............2 200.0020... 200 cee eee ee ee eee 11,100 6,700 6,600 100 2,000 700 1,300 300 300 400 1,400 100 
Female...................0.. 022 e eee eee eee 5,300 3,400 3,400 a 1,100 200 900 100 200 200 300 . 
Mathematics/statistics............................ 26,600 14,400 14,200 200 7,900 1,100 6,800 800 700 500 2,300 100 
eee eee ae WSO eb aa H ROSS Ded ebeeeaeses 13,700 8.100 7,900 100 3,200 800 2,400 300 300 300 1,500 : 
Female..................2...0. 0002222200 ee 12,900 6,300 6,300 . 4,700 309 4,400 600 400 100 800 100 
Computer..................0.2.2. 00200 e eee eee 62,500 50,700 49,700 1,000 3,900 2,500 1,400 700 1,600 1,700 3,300 600 
nc Gon eG eae see eeeeeesareeereenecesedess 45,800 37,700 36,700 1,000 2,300 #1,500 800 500 1,000 1,100 2,700 600 
Female..............0.0.0 00022 c cee cee eee 16,700 13,100 13,000 : 1,600 1,000 700 200 600 600 700 * 
Environmental ...................2 0.200200 00ee 4,700 3,000 2,900 100 300 200 100 300 300 800 
tate cage os @45 650004404684 ¢600bs Eb eas 3,400 2,100 2,100 . 200 200 . * 200 200 700 
Rs Cave gb tweed 644% 0.6 444-044 b04 €4h OREO TC 1,300 900 800 . 100 . 100 100 100 100 
aces bese een bob eeeeneee essen sGheesscbabews 69.300 34.600 31,800 2,800 11,400 3,900 7.500 3,500 2,600 4.700 12,100 300 
Re eer ee 34,500 19400 17,200 2,200 5,200 1,900 3,300 1,300 1500 2.200 5,000 
NS 6 646666 5004046606 5404046 04660440404845 34,700 15,300 14,700 600 6,200 2,000 4 200 2.200 1.200 2.500 7,100 200 
CED x04 6-4 0:040660 0604544000) 4.806040 644005 63,300 28,800 27,600 1,200 7,200 1,900 5.300 11,900 1200 5100 8,900 200 
Cn 6ak6 G00 080.6 6:6646 440660040 0050448650%8 19,200 12,100 11,200 800 900 200 700 2,200 200 1.400 2,500 , 
Dn ¢ 8:64 4 & 2460 6.0%. 4 «0465 640440066464 60068 44,000 16,700 16,400 400 6,300 1,700 4,600 9,700 1,000 3,700 6,400 200 
an ou 66th NaS 60066046 ETEEAR EERE REL OR EEO 116,000 72,500 68,200 4,200 10,900 3,500 7,400 5,900 5500 8,400 12,300 500 
ie. cindeet ede tee senctsestchbetincebises 63,300 42,900 39,300 3,600 4,500 1,400 3,100 1,300 3,000 5400 #6,100 200 
Female..... 2.2... .020 0000 eee 52,700 29,600 29,000 600 6400 2,100 4,300 4600 2500 2900 6,200 300 
(continued) 
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Appendix table 3-10. 


Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of employer: 1990 


(page 2 of 3) 
Tyg employer 
Business and industry Educational institution 
4-year Non- State/ 
Total Self- college/ profit Federal local No 
Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't gov't Other report 
Total engineering....................-....00000-.. 126.700 98,900 97,200 1,800 2,600 1,700 800 1.100 7,900 5,800 10,000 400 
hee Sr re 107,900 84,300 82,700 1,600 2,100 1,300 800 900 6,500 4,800 8,900 400 
A 2s oe phe eee odd b 84a SHA SSSR S EWE R ES EEO SS 18,800 14,600 14,500 100 400 400 * 300 1,400 1,000 1,100 . 
Aeronautical/astronautical......................... 5,800 3,200 3,200 100 100 100 800 : 1,600 
ea en on obckse ag ae-baednusandieueeuna 5,200 2,900 2,900 100 100 100 * 700 7 1,400 . 
NG 00-4 pan cduee sd eiebieedeeeew wns en44 54 600 300 300 * ° 100 200 7 
Cn 6 odes eee hes cede er tsekedeeeeineuseen 6,000 5,200 5,200 : 100 100 J * 300 200 100 7 
re 4,000 3,500 3,500 : 100 100 : 200 100 100 7 
CNS cody ake ceeguaens ddan hebee ¢4 444408 O48 2,000 1,700 1,700 * ? * * 200 100 . * 
in apes eee aw esseteneeeaeentbteecaes uneven 13,200 8,600 8,300 300 100 100 . 100 500 2,900 900 100 
inns eeesdeeeesd4nbeeccbesbateaedenateuas 11,300 7,300 7,000 300 100 100 : 100 400 2,400 800 100 
Se ee ee 1,900 1,300 1,300 ’ . . * : 100 500 100 * 
Electrical/electronic...................-.0-002005. 47,900 38,600 37,800 800 1,300 900 300 700 3,400 1,300 2,400 300 
Ds ec eeecceceseseceeeteseecacenceneigns 42,400 34,300 33,600 700 1,000 700 300 500 2,900 1,200 2,200 300 
Female... 2... 2. eee 5,500 4,300 4,200 100 200 200 ‘ 300 500 100 200 . 
Industrial 2... eee 11,100 9 300 9,200 200 100 100 500 200 900 
Male... 2... ee eee 8,700 7,300 7,100 200 100 100 400 100 800 
Female... 2... eee 2,400 2,100 2,000 : . ° 200 . 100 
CE 4 ¢ os wees 664400 06-04 0460406 640594005444 1,300 1,100 1,100 . 100 100 100 
Pe ee ee ee re 1,000 800 800 * . 100 100 
SR 6 6:6. 0:9. 6.¥ 46.0.6.64.0500 604b REC KHON TENE EEE 300 200 200 . 7 ; . 
Mechanical. .... 2.2.20... 000.000 25,600 21,100 20,900 200 300 100 200 200 1,700 600 1,700 
ML Ao basdccccesedeceeneesceececsceencecs 22,600 18,600 18,300 200 300 100 200 200 1,500 400 1,600 
SRS 6s 40-400 06050606 484 06C 4 SRE KEKOCR EMD 3,000 2,500 2,500 . ' * * . 200 100 100 
Cn 4 006.0660 4ecccececereeeceseeeseseeseen 800 700 700 . . . * 
a6 & 6468 balou nn b4ON 05004 6086 550460008565 600 600 600 * . . * . ‘ ? 
in » 6.504060 b20000-0665004605030464006042% 100 100 100 . . . ' * . . 
(continued) 


x 5 


L661 — ssojeoipuj BuueeuiBuz y aoUuaIDS 


19z 


Appendix tabie 3-10. 
Number of 1988 and 1989 science and engineering bachelors degree recipients, by field of degree, gender, and type of emplove;. 1990 
(page 3 of 3) 
Type of employer 
Business and industry Educational institution 
4-year Non- State/ 
Total Self- college/ profit Federal local No 
Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't gov't Other report 

CR ig eos 6K SRE LAER YON Ee Oa DOORS SWS eed eS 5 700 300 300 . : * . : 100 . 300 . 
dg eae Gab CR CCE OW ERE SES SCCY Ee SEER TEES 500 300 300 . . , . : . . 200 
Ns ca dade yee ees eed ub ee ke vee tea ewy be 200 . : ' : * . . 100 : 

ED 3s oc oc 6-4 ¥ wo 4 06-4 48 os Hee O Oey 5 OOS Ene eye 900 800 800 * . . * : . 
Pe cee yew es G64 44 bao Ce CRC ER NCE Y N= 4 CEES 800 700 700 * : : * . 
5 . eee 100 100 100 * . * * ; 

Sn 6 444 eu 0 e405 64 06440 b ee ed 4 4ew eas et wees 13,400 10,000 9,800 200 500 300 200 . 400 600 1,900 * 
Me 6 66644608. 04446 se 5408 64 O85 050 kSE ees 10,800 8,000 7,800 200 400 200 200 : 300 500 1,600 . 
hs a © ¢ 04-6464 94-0460 & 604040650460 6 OSs 2,600 2,000 2,000 * 100 100 ; * 100 100 300 . 

* = too few cases to report 

NOTE: Details may not sum to totals because of rounding. Data exclude full-time graduate students. 

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF. forthcoming). 

See figure 3-8. Science & Engineering indicators - 1991 
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Appendix table 3-11. 


Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990 


(page 1 of 3) 
Type of employer 
Business and industry Educational institution 
4-year Non- State/ 
Total Self- coliege/ profit Federal _local No 
Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't gov't Other report 
TOTAL SCIENCE & ENGINEERING. ................... 100.600 60,200 58,000 2.200 16,700 8.100 8.600 2,500 7,800 5.300 7,900 200 
Rs id 6 6a 46S ENE SEW ESS ONO MEER ORES i<s 71,000 46,700 45,500 1,200 9,200 5.000 4.200 1,200 5.100 3,000 5.700 100 
EN 6-6 6444460 S48 FON SCOR ARE MEER GS OES OES 29,600 13,500 12,500 1,000 7,500 3,100 4,400 1,300 2.700 2.300 2,200 100 
EN oc ccc rece seer ceeseveseesveseecses 66.700 33,700 31,900 1,900 15,500 7,100 8,400 2,200 5.400 4.200 5,600 100 
er 41,300 23,200 22,200 1,000 8,100 4.100 4,100 900 3,200 2.200 3,600 ’ 
SD 6g e0e 46.0660 40640 64 RGR WEES E HERE OE EESS 25,400 10,500 9,600 900 7,400 3,000 4.400 1,300 2,200 2,000 2,000 
ee ee 5,200 2,800 2,800 . 1.400 600 900 100 300 100 300 
ae 3,700 2,000 2,000 . 900 500 500 100 300 100 300 : 
1,400 800 800 . 500 100 400 * 100 . . : 
Mathematics/statistics.....................02...... 8,400 3,500 3,400 : 3,700 1,000 2,700 100 200 100 800 . 
ear 5,000 2,300 2,300 : 1,700 600 1,000 100 100 100 700 . 
ee 3,400 1,200 1,200 2,000 300 1,700 * 100 . 100 : 
LS ou 0.6 0606 06448 640604664806 6N S084 ORES 19,400 15,000 14,700 300 1,400 700 700 300 800 300 1,700 : 
eee ee ee eee eee ee TT eee eT ee 14,400 11,000 10,700 300 1,000 500 500 100 600 200 1,400 : 
DM 6656 GeebGeke 400504665608 000 404046404 5,100 4,000 4,000 : 400 200 200 200 200 100 200 . 
SOWOTIMOTN ww ccc ccc cree ccc eene 4,000 2,500 2,300 100 400 300 100 : 500 300 300 
a 2,800 1,900 1,800 100 300 200 100 300 100 200 
GS 5 44060660048 6004054460086 55.0 60004044 1,100 600 500 , 100 100 . 200 200 100 
Ms Gh bN.0 445000660464 6660 F004 e4RSEECCE ORSON S 11,800 3,500 3,200 300 4,100 2.100 2.000 500 1.400 1,200 1,000 
i eens ed ecdsedeveueueb cscs seacesbaaeece 34,500 19400 17,200 2,200 5,200 1,900 3,300 1,300 1.500 2.200 5.000 
Female... 1. eee 34,700 15.300 14,700 600 6,200 2,000 4 200 2.200 1.200 2.500 7.100 200 
Psychology ............-.. 06 cece cee eee eee eee 4,500 1,400 1,400 * 1,100 500 600 700 200 300 700 
Male... ee 1,700 600 600 . 400 200 300 200 200 100 200 
Female... 2 ee ee 2,800 800 800 . 700 300 300 500 100 200 500 
Social... eee 13,400 5,100 4,100 1,000 3,400 1,900 1,500 500 1,800 1,900 800 
Male... eee 7,700 3,000 2,700 300 1,900 1,000 900 300 1,200 800 400 . 
Female... 2 eee 5,800 2,100 1,400 700 1,500 900 600 300 600 1,100 400 . 
(continued) 
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Appendix table 3-11. 


Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990 


(page 2 of 3) 
Type of employer 
Business and industry Educational institution 
4-year Non- State/ 
Total Seif- college/ profit Federal local No 
Field of degree and gender employed Total industry employed Total univ. Other org. Gov't gov't Other report 
Total engineering............. 2.2... 2. eee. 33,900 26,500 26,200 300 1,200 1,000 200 300 2,400 1,100 2.300 100 
Ct whe ee seeeserecccesewsenseeseseeeseces 29.700 23,500 23,200 200 1,000 900 100 300 1,900 800 2,100 100 
DEED Gch oneagcsccceeecivencaduactvececessees 4,200 3,000 2,900 100 200 100 . . 500 300 200 . 
AeronauticaV/astronautical................---20--.. 1,400 1,000 1,000 . . . . 100 200 100 : 
es 4 ba bo e REN SO eee e Deehaettetsececeeee 1,400 900 900 : 7 . . 100 200 . 100 : 
Rs 6 co 6b 6-6 wee Gand b6.e ee meeeeeeseceaces , . . : . . : . : . . . 
Chemical... 2.2... ee ee eee 1,400 1,200 1,200 100 100 . . . . 
6 6b aew see b sees £64464 O45 0604646 OS 448 1,100 1,000 1,000 . 100 100 : . . . 
Female... 2.0 ee eee 300 200 200 . . . . . . . 
Dt cncbeabaskabordateus nenececéesseeeceseers 4,100 2,800 2,800 100 100 ° : 400 500 300 . 
ns ceedetbberseeheeedeuntheteecséeeeseor 3,600 2,600 2,500 7 100 100 . . 200 400 300 . 
Ns cg oncbcuhencnseeckenécesseneceeeesee 500 300 300 . . . , : 100 100 : . 
ElectricaVelectronic..........2.2......0 02.0 202002.. 10,500 8.700 8,600 100 300 300 ' 700 100 700 . 
Male... 6 ee eee 9,600 8.000 8,000 , 300 300 . 600 . 700 . 
Female... nee 900 700 600 100 . . . . . 100 : * 
Industrial eee 2,200 1,700 1,700 , 100 100 . 200 200 
Male.................. 1,800 1,400 1,400 100 100 100 200 
Female... ee nee 400 300 300 . : 100 . 
Materials 2. eee 1,000 900 900 . 
in ¢eéeebevesteedecseececescixnessé-s 700 600 600 . 
Female................. 300 300 300 . 
Mechanical... 6 eee 6,700 5,600 5,500 100 300 300 100 400 100 200 
MG & oc cecceteeserececesctscenescoeececes 6,300 5.400 5,300 100 300 300 100 300 100 200 
Female... eee ee eee ee 400 300 300 : 7 . . 100 ; . 
SPT eee Ter eTToreT TTT rT eT TT Tere 400 300 300 . . . , : 
ise 6604 b495006060600 S686 eECERREREH ORS SO 300 200 200 : ' . ° . . 
Pn pcb dbecddebecndebarecebanicensaceee 100 100 100 . . . . , . : . 
(continued) 
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Appendix table 3-11. % 
Number of 1988 and 1989 science and engineering masters degree recipients, by field of degree, gender, and type of employer: 1990 o 
(page 3 of 3) x 
Re 
m 
Type of employer a 
Business and industry Educational institution 3 
4-year Non- State/ 3 
Total Self- college/ profit Federal local No > 
Field of degree and gender employed Total Industry employed Total univ. Other org. Gov't gov't Other report > 
pe¥) 
ss ng ene 4 kA ¥ OK GREE STEER EES RESO SA 300 200 200 * : . . . : : 100 3 
Rn eee eee UN ee eed ee eee neee ee eeeeNenes 200 100 100 . : ; ' . . . 100 : . 
Fem@le 0... ce ce cect ee eeee . . , . ° : . : ' . : . : & 
Petroleum .................. 002002 cee eee ee eee. ; 300 300 300 . , . * * * . 
NA a on a wo cog 6 5-6 44-4 V4 44 CUS MON RO OE EGE OA 300 200 200 ' ° ° ° . ' . 
I Kn eben ho 04a ee S Eee WEEE EC OSE dN 4s ° : : : : ' . : . . 
enna aig VA h Se CR SESS eR ERTS VES TOES 5,500 3800 3,800 100 200 100 100 . 500 300 600 . 
ts as cin sos 4464 R 446 dR GAN EH OR ER He OS 4,300 3,000 2,900 100 200 100 100 . 300 300 600 J 
th at i i peek skein eedacd citi 1,200 900 800 . 100 . . * 200 100 , : 


* = too few cases to report 

NOTE: Details may not sum to totals because of rounding. Data exclude full-time graduate students. 

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 (Washington, DC: NSF, forthcoming). 

See figure 3-8. Science & Engineering Indicators - 1991 
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Appendix table 3-12. 
Employed doctoral scientists and engineers, by field and gender: 1977-89 
(page 1 of 2) 
Field and gender 1977 1979 198) 1983 1985 1987 1989 
TOTAL SCIENTISTS AND ENGINEERS............... 285,055 314 2957 343,956 369.320 400,358 419.118 448,645 
cree eencereeueveceeegeuacees 257,465 280,857 302,971 320,494 341.873 352.386 371,483 
Female................. 0c. eee ee ee ee eee 27,590 33,400 40985 48826 58485 66,732 77,160 
Total scientists................... 000. 00020002.. 240,005 263,915 286,917 307,775 334,505 351,350 373,860 
eeu taut beeesvenecuveccvetuuns 212,696 231,040 246,685 260,025 277,508 286,346 299.015 
Female....................0.e eee eee eee eee 27,309 32.875 40,232 47,750 56,997 65,004 74,845 
coon 4 CUMS EONS EAs ENO O44 44 44REA 57,531 60.222 63,110 63,986 67,480 68647 70,209 
Rn i wo oa o4 AWK EE SEEORKGB4 GREP WOO} ER 54,594 57,086 59,346 59.811 62809 63,163 64,139 
Female ..........0....... 00002. ee ee eee 2,937 3,136 3,764 4,175 4.671 5,484 6,070 
Mathematical ...............0..2020 2002000002. 14609 15,250 15,569 16379 16,758 16699 17,611 
Male........2...0200 00.00.0002... 2 eee eee 13,560 14,104 14259 14964 15,199 15,074 15,766 
Female........... 0.0.0.0... 2.0022 ee eee 1,049 1,146 1,310 1,415 1,559 1,625 1,845 
Computer specialists.......................... 5,767 6,684 9,064 12,164 14964 18571 19,797 
ea wh eka bweebeakdnentaebattaa 5,534 6,318 8.363 10,898 13,345 16693 17,493 
Female ...... 2.0.0.0. 20.00.0000 cee ee ee 233 366 701 1,266 1,619 1,878 2,304 
Environmental..................02..22..22000.. 13,001 14,575 15909 16467 17,288 17,811 19,787 
Rn ao ee o6 hd é othe Eedennceavnndeder 12,560 13,968 15,054 15553 16,199 16510 18,123 
A -ceckeeeeeeekivetenevakianecweinn 441 607 855 914 1,089 1,301 1,664 
ee ea hese eer Eee set 644444 b tba Oe 70,537 78,857 84912 92,802 101,838 107,378 115,833 
ss a neu ewe hOO4ENEE RARE ER EERE ORCA 61,437 67,528 71,593 76,573 82.146 85,269 89558 
Ds ceca cceeedeeecas ceeesecensswute 9100 11,329 13,319 16,229 19692 22109 26.275 
Rs ass os e6 eh 4 6b 64 Cos NOON SS 08 ews 33,652 37,848 42829 46645 52.182 56378 60,596 
ns gece beri ee eteickeeectcwbcnwunts 26,055 28690 31,103 32,962 35,573 37,274 38.754 
Raa se neha sense eekticeieenensteurveti 7,597 9158 11,726 13,683 16609 19,104 21.842 
ee 44908 50.479 55524 59332 63,995 65866 70,027 
Cn cca he ce 6 dba whee ve seebeweetsaever 38,956 43,346 46,967 49,264 52237 52363 55,182 
Female... .. 2.2.2.2... 00.00... eee eee 5,952 7,133 8557 10,068 11,758 13,503 14,845 
Totalengineers .................... 202022000. 45.050 50,342 57,039 61,545 65853 67,768 74,783 
ic ippeecccncccenccsasacccecececceesens 44769 49.817 56,286 60,469 64365 66,040 72,468 
TE, cok bo ec ebb ete eececeesesebacacescbers 281 525 753 1,076 1,488 1,728 2.315 
Aeronautical/astronautical...................... 1,987 2,364 2,519 3,684 3,827 5,005 6,367 
Da cot bansececencscrcesecececeseceseuss 1,967 2,340 2,480 3,614 3,732 4 884 6,156 
Female... 0 20 24 39 70 95 121 211 
0 5,603 6,166 7,146 6,992 7,122 6,923 7,959 
Ds 6s 0-20 060.6 00d ERE EEE ERLE bE NER Ota 5,575 6,117 7,092 6,895 7,021 6,783 7,744 
Rs = n.d oO Oho 06048666064 the REE YEA 28 49 54 97 101 140 215 
hc b6d6eb bd te eetensceeecassoeacseneesas 4,066 5,157 6,089 5,317 6,396 6,479 6.951 
Dens eteseeevekidatvewaeeeeukuecenees 4,051 5,101 6,003 5,245 6,305 6,316 6,762 
DEE cece hb aeetinaseneceveceaceecuces 15 56 86 72 91 163 189 
Electricai/electronic.........0.00 20.0000 002 een 8,284 8.597 10630 12696 14,248 12601 15,088 
Male......... 0.0.0... cc ee eee ee 8,246 8,528 10493 12460 13,901 12236 14,651 
Female ................. ccc eee eee ee eee 38 69 137 236 347 365 437 
Mechanical..............0..00 00000 eee ee eee 4,648 5,245 5,370 5,657 6,594 6,711 7,390 
Dat sokteencebsenteacesceseseeeetaces 4,629 5,213 5,330 5,603 6,536 6,613 7,287 
sta edaekwaenbhbcdraceeeenecceeeses 19 32 40 54 58 98 103 
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Appendix table 3-12. 
Employed doctoral scientists and engineers, by field and gender: 1977-89 
(page 2 of 2) 
Field and gender 1977 1979 1981 1983 1985 1987 1989 
Dna weavevecccerstverencversseuesess 20,462 22813 25,285 27,199 27.666 30,049 31,028 
ener at ivb eases ce vundeesseaensess 20,301 22,518 24,888 26,652 26,870 29,208 29.868 
Female ..................2 000220 e eee eens 161 295 397 547 796 841 1,160 


NOTE: Details may not sum to totals because of rounding. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States. 
1989, NSF 91-317 (Washington, DC: NSF, 1991). 


See figures 3-11, 3-12, and 3-15. Science & Engineering Indicators — 1991 


287 


Appendix A. Appendix Tables 


Appendix table 3-13. 
Employed doctoral scientists and engineers, by field and race/ethnicity: 1977-89 
(page 1 of 2) 
Field and racial/ethnic group 1977 1979 1981 1983 1985 1987 1989 
TOTAL SCIENTISTS AND ENGINEERS .............. 285,055 314,257 343,953 369,320 400,358 419.118 448.643 
ee ec ce ee ee ee enter eeeseadueeses 258.255 284,965 309,123 328.455 355.125 372,985 397,169 
as ok o.6044 6000 40 Hb ae eee weRbTS es eeen 2,709 3,227 4224 4948 5716 6359 7,153 
cera u eee 6000 ue eee este eeneedues 16,275 22912 27,350 29.740 34533 36,397 41,106 
NDS wn ea CGA a KO Od eR OTS ew EHO HEE we ee 7,816 3,153 3,256 6,177 4,984 3,377 3,215 
Total scientists............................2.... 240,005 263,915 286.917 307,775 334,505 351,350 373,860 
ns oes oa bn eke 0484 64 ESE ERS Se Ot SS 219,636 243,008 261,912 278,722 302,526 319,091 338,040 
OF ee See Se Te Ter TT eee ee Te 2,588 3,125 3,954 4,538 5,203 5,704 6,539 
ine caddie ndadaueg o< ews s ¥ 64s hee e 84% 11,229 15,037 18328 19,259 22651 23,645 26,522 
ec ccucps daca de ew euv ness eheeetind«xs 6.552 2,745 2,723 5256 4,125 2,910 2,759 
Physical.............0.0.0 2.00200 00 cece ee eee 57,531 60,222 63,110 63,986 67,480 68,647 70,209 
NS op ceeds ie sak ee hese de Ebates 64 O8 8 51,963 54618 56,245 56521 59598 60,751 61,594 
P< ceccece suse «0 i644 45406446008 4.58 64% 543 403 579 690 522 620 831 
ih coned ¢erecee ss ebeeeeceaceructecees 3,441 4,719 5,769 5,684 6,561 6,788 7,195 
ME cseeeeaeegue cé0 vane ctadadseeeeseeus 1,584 482 517 1,091 799 488 589 
Mathematical ..........................-22.-.- 14.609 15.250 15569 16379 16,758 16,699 17,611 
White ........... 0.000000. 13,218 13,729 13,975 14531 14,921 14940 15,624 
Eo .ccceaeeucesee ecards eeeeeveeiones 120 144 167 178 166 166 198 
Asian .. 0... eee 799 1,110 1,155 1,378 1,368 1,482 1,644 
Pc gadevececesteseceseveestcessececes 472 267 272 292 303 111 145 
Computer specialists.................-....0... 5.767 6684 9,064 12,164 14964 18571 19,797 
Dc Cehecsecucceenecesovesecescecacees 5,014 6,059 8.056 11,012 13,064 16.219 17,018 
Pc Galeccrphrtsacndeereesestteeneye4 15 4 27 43 85 200 190 
Asian «0... ee eee ee 613 561 868 944 1,634 1,838 2,423 
0 FR re re reer 125 60 113 165 181 314 166 
Environmental..................0.02000000000- 13,001 14,575 15,909 16467 17,288 17,811 19,787 
TRC es cusacbeeeesbaboeesvenscesveses 12,125 13,813 14996 15,476 15,774 16,587 18,165 
Cn ¢ 4.06 56000600000 6466 660046405606 660% 24 65 34 33 98 222 228 
EE oo .6066660605600664000466¢400600¥05-5 572 539 744 770 1,133 943 1,338 
DD cic eeeseeeee 60s eeeOceseesieces €4 280 158 135 188 283 59 56 
aaah e ee bone 6456 k 00508055 40500444 888 70,537 78,857 84912 92,802 101,838 107,378 115,833 
2662 da66 0 60 46046.0065566.0006606004568% 64,243 71,861 77,089 83,378 92,002 96,955 104,295 
SS 59 6 @ 0:6:0.00:04 €6.6.00600 00006606064 665 769 883 1,013 1,142 1,419 1,456 1,633 
ED 2 562666 6.40:06.08 04 06006004646605 00885 3,980 5,417 6,257 6,750 7,412 8,207 9,276 
SE o6 oe60 66664864 60605600000064 00645 1,545 696 553 1,532 1,005 760 629 
PEED so cree ee esoccercesecsceeneseees 33,652 37,848 42,829 46645 52,182 56,378 60,596 
PES + nected s 0000-0606400006400000008%8 31,943 36,480 9,825 44237 49,508 53,655 57,833 
EA oe dacecccccccccecsesnncesacesceaes 467 594 809 983 1,190 1,266 1,350 
ET 66065 6066606440:6650600604000004060 313 412 583 640 756 858 934 
Ts 36266466404 646600.90660006600400084 929 362 31,612 785 728 599 479 
ee ee ee 44,908 50479 55524 59332 63,995 65,866 70,027 
IS 5:6200040600006606 66404000088 C 4 CEH 41,130 46448 50542 53,567 57,659 59,984 63,511 
SD xo ok 0060046408 60.04 608088008 ben ees 650 1,032 1,325 1,469 1,723 1,774 2,109 
FFP TET TTT CSTE TPT TTTrrer rT Te eT 1,511 2,279 2,952 3,093 3,787 3,529 3,712 
PF PPPPPPVTPTTTECCT CTT CT eT Tec. 1,617 720 705 1,203 826 579 695 
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Appendix iable 3-13. 
doctoral scientists and engineers, by field and race/ethnicity: 1977-89 
(page 2 of 2) 
Field and racial/ethnic group 1977 1979 1981 1983 1985 1987 1989 
Totalengineers ......................--20-405. 45,050 50,342 57,039 61,545 65,853 67,768 74,783 
DET c gap nected eeseacoceesteenenvaces 38,619 41,957 47,211 49,733 52599 53,894 59.129 
ii ng e944. oe dab os b44bSL SEES OE eee st 121 102 270 410 513 655 614 
ee cee en sees chested eee‘ weeweeewes 5,046 7,875 9022 10481 11,882 12,752 14,584 
CN ie nekedbad oa4 664440 84b See E eee ese 1,264 408 536 921 859 467 456 
AeronauticaV/astronautical ...................... 1987 2,364 2519 3,684 3,827 5,005 6,367 
DR 6G a eee eeenereeedvereseeeeeeecene 1,793 2,122 2,232 3,128 3,295 4,092 4.786 
Black.......... 202.000.0022 0 cece eee eee eee 0 2 10 21 27 34 165 
Asian ... 2... ee ee eee 138 232 269 482 503 869 1,395 
FS ee eee 56 8 8 53 2 10 21 
CS + 6s bnebdeeneeeusteseeeeeeecseeees 5,603 6,166 7,146 6,992 7,122 6,923 7,959 
White ..........0.....0.00.0222022222005. 4,674 4,953 5,553 5,384 5,130 4,988 6,008 
cen ceeeeede eve ce Ceevceeseedeeeeess 12 10 37 13 66 72 39 
ASIAN 2... ee ee eee 721 1,200 1,554 1,502 1,923 1,814 1,899 
Other... ee eee 196 3 2 93 3 49 13 
a 4,066 5,157 6,089 5,317 6,396 6,479 6,951 
DR ceetnceeeeeeeeeenetervecevevenvaes 3,255 3,875 4,785 4,190 5,063 5,182 5,554 
chee cet bkaeed ¥ee C4664 08006 00400446 5 1 24 24 85 23 77 
eke nveseneeeveseseuavestedevuserus 718 1,204 1,226 1,059 1,182 1,254 1,305 
Other ............0 02.220 ee ee eee 88 77 54 44 66 20 15 
ElectricalV/electronic.................222202005. 8,284 8.597 10,630 12,696 14,248 12.601 15,088 
CFLS sede Ke eeeKeoneceeedeanseeeues 7,229 7,252 8,931 10310 11,386 9,744 11,604 
Cs. 22 se CERCKEN HOES OO EES EHE ROE COO 45 15 40 75 90 209 118 
inh ss 66 bb 4000s 6000604600085 26 00068 833 1,272 1,552 2,093 2,553 2,525 3,234 
ee re 177 58 107 218 219 123 132 
Mechanical................0 200.0200 cece eee 4,648 5245 5370 5,657 6594 6,711 7,390 
as 0440664000 50650266608 8600 4000045 3,793 4,057 4,313 4,382 5,069 5,124 5,800 
Black... 6. ce ee eee 5 22 10 91 81 127 14 
ASIAN 26. cee eee eee 771 = 1,165: 1,045 «1,157, 11,354 = -11,412 ~—s-11,497 
EE See eeeerebseaceenaeesseneeeeceesees 79 1 2 27 90 48 79 
PPT rer ere rerre ye rrrTrr rT Terre 20,462 22,813 25,285 27,199 27,666 30,049 31,028 
PRS ee errr ee eerie eee eee 17,875 19,698 21,397 22,339 22656 24,764 25,377 
ie ¢ 6b 4.40606 0044666 C0b0 RC eERE ORO SES 54 52 149 186 164 190 201 
E6540 6 0060000640640 06 C068 C4 e088 eS 1,865 2,802 3,376 4,188 4,367 4,878 5,254 
PE 4 0:6 86666008 6.60.04045060840046908966 668 261 363 486 479 217 196 


NOTE: Details may not sum to totals because of rounding. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers: 1989, NSF 91-317 


(Washington, DC: NSF, 1991). 
See figure 3-16. 
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Appendix table 3-14. 
doctoral scientists and engineers, by field and primary work activity: 1977-89 
(page 1 of 4) 
Field and primary work activity 1977 1979 1981 1983 1985 1987 1989 
TOTAL SCIENTISTS AND ENGINEERS .............. 285.055 314,257 343,956 369,320 400,358 419.118 448,643 
Rite ce erect teesaeeeceeveerereees 79,995 84678 101,691 104,511 110,539 135,384 145,559 
Basic research............................ 43,551 47,908 55,181 57,137 61,451 63,230 67,687 
Applied research’.......................... 36,444 36,770 46510 47,374 49,088 72,154 77,872 
tices ecccs sees eereeereereeese 13,188 15,009 18361 20277 21,976 18909 21,042 
Management of R&D...................2...... 30,783 43,084 32.709 31.418 34938 33,897 35,414 
Management other thanR&D.................... 29,913 29.230 27,806 30,395 34694 33,850 38,072 
See 90,830 92,242 105,150 108,236 111,717 109,730 112,715 
ed eee eens tt sree eaves ees eeees 6,149 9.012 12,065 12,746 14,164 13,804 16,767 
Sales/professional services’..................... 15,233 21,126 25,757 29,820 36496 32.644 36,599 
Reporting/statistical work/computing............... NA NA NA NA NA 11,891 25,029 
PGR AWb Saws toverrececeese es eeceverecese 18,964 19876 20417 31,917 35,834 29,009 17,446 
Total scientists..........................-2..... 240,005 263.915 286,917 307,775 334,505 351,350 373,860 
aac e eee rt ede e eee sc eeeseeneees 69.683 74,739 88,180 89,528 95,556 115,587 123,312 
Basic research..........................--.- 41,892 45,953 52404 54038 57,833 59,716 64,112 
Applied research’.......................... 27,791 28,786 35,776 35,490 37,723 55,871 59,200 
Development .................-...2.--.200--. 6349 7,185 8487 10514 11,185 9083 9,348 
Management of R&D...................-.2.... 22,135 30,565 22489 20881 24,003 22,792 24,354 
Management other than R&D.................... 24,003 24915 22869 25440 29,242 29402 33,238 
et Ce ee Wes dna eo 606 ees eecexveseces 82,029 82,909 94416 96403 99,237 97,938 99,972 
ee eens nies ese ee eesseeeeeens 4,538 6,415 8,231 8.999 10,459 9,910 11,549 
Sales/professional services’..................... 14,568 20,029 24271 28,568 34,252 32,500 36,467 
Reporting/statistical work/computing............... NA NA NA NA NA 10,527 20,297 
SR 16,700 17,158 17,974 27,442 30,571 23.611 15,323 
a oe ho 06460640046 604406469 554085 65 57,531 60,222 63,110 63,986 67,480 68,647 70,209 
meade ccs geneces eee ecsseseseres 22,271 21,135 26515 25,569 26,253 30,750 31,846 
Basic research .................2220000.. 12,168 12,087 13,848 14049 14349 13,158 13,047 
Applied research'....................... 10,103 9,048 12,667 11,520 11,904 17,592 18,799 
a 2,543 2,796 3,075 3,484 3,647 3,779 3,831 
Management of R&D ...................024.. 8464 12,644 8785 8,793 9.370 8,184 8,493 
Management otherthanR&D ................. 4718 3523 3,165 3,052 3,627 2,750 3,549 
DE DAE WECH ed etieseeeseevdseceseees 14,724 14450 15,570 14,652 15,170 15,213 14,492 
I 4 066694 654040404004 400 0nsensa 407 761 1,112 925 1,206 1,390 1,245 
Sales/professional services’ .................. 1,088 1205 1437 °#1,641 2,026 531 531 
Reporting/statistical work/computing ............ NA NA NA NA NA 959 3,993 
PSEC MEK Ove ee eetededesccececececens 3,316 3,708 3,451 5,870 6,181 5,091 2,229 
Mathematical ..............00 000020 e eee 14,609 15,250 15,569 16379 16,758 16699 17,611 
PR oe ae cveredcttusccececececeaseses 2,912 3,138 2969 2,913 3,452 3,838 4,241 
Basic research ................00.00050.5. 1830 2,073 1,741 1,767 2.323 2,835 3,090 
Applied research’'....................... 1,082 1,065 1,228 £1,146 1,129 1003 1,151 
Development..................020000 000 0ee 408 492 395 490 573 161 200 
Management of R&D .................0000.. 298 443 282 531 357 307 264 
Management other thanR&D ................. 1,082 1,281 1,042 965 1.343 1,110 1,094 
PRG SUV A Gs cee deeeeeretrecssecesees 9,088 8865 9,596 9,701 9445 9,347 9,758 
és en egennecseeeeeseeseteeases 145 369 458 599 473 308 328 
Sales/professional services'.................. 78 249 300 261 213 22 46 
Reporting/statistical work/computing ............ NA NA NA NA NA 808 1,213 
PSP IT SC ETEPerELTTrrrrire 598 413 527 919 902 798 467 
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Appendix table 3-14. 
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89 
(page 2 of 4) 
Field and primary work activity 1977 1979 1981 1983 1985 1987 1989 
Computer specialists.......................... 5,767 6684 9,064 12,164 14964 18571 19,797 
ieee e reece eee es ee eteeeeeees 777 909 1,515 1,508 1,970 3,415 3,658 
Basic research ........................-. 283 435 620 615 1,005 1,391 1,463 
Applied research’ ....................... 494 474 895 893 965 2.024 2,195 
 Cictere reves rerereseceeeess 1812 2,131 3,008 3,892 4106 3,067 2,933 
Management of R&D ..........2....-...2... 735 971 808 1,114 1,734 2292 2,368 
Management otherthanR&D ................. 667 681 890 938 1,128 1.348 1,627 
I oo 80 eee 64 oe 6 ere ch eeesesees ees 1,192 1094 1,546 2,361 2,828 2,809 3,559 
nis ec ngn s 6 ens e404 06h 6e 0 8 155 301 554 678 914 825 884 
Sales/professional services’ .................. 65 151 217 375 461 3 37 
Reporting/statistical work/computing ............ NA NA NA NA NA 3,287 4,161 
= 364 446 526 1.298 1823 1,525 570 
Environmental..................-2200000-00-- 13,001 14,575 15,909 16467 17,288 17,811 19,787 
Se ee ee 4674 5242 6,036 6,399 6,501 7,567 8,477 
Basic research .....................20-5. 2,499 2,704 3,307 3,287 3,559 3599 3,924 
Applied research’ ....................... 2,175 2,538 2,729 3,112 2942 3968 4,553 
Development......................2.0.002-.. 200 370 286 329 313 141 253 
Management of R&D ....................... 1,631 2,361 2,380 1,825 2,058 1,937 2,141 
Management otherthanR&D ................. 1,448 1,193 1,166 1,304 1,400 1,647 1,635 
Teaching... ........ 00.0202 eee 3,510 2,975 3,606 3,435 3,393 3418 3,447 
A nn nice n enn es ese eseiseeeseces 364 838 1,045 1.198 1407 1402 1,785 
Sales/professional services’ .................. 137 216 381 242 315 88 74 
Reporting/statistical work/computing ............ NA NA NA NA NA 630 1,130 
DP EUS ea Scheer tice ewreeetenseserceses 1,037 1,380 1,009 1,735 1,901 981 845 
SPOT TET TELE TEEPE TETrTrrerrr Tree 70,537 78,857 84912 92,802 101,838 107,378 115,833 
Research. ............ 0.00002 eeee 27,868 31,905 37,962 39,491 42865 51,701 55,277 
Basic research ...................0.025.. 19,954 23,413 27,223 28,784 30,990 31,225 33,640 
Applied research'....................... 7,914 8492 10,739 10,707 11,875 20476 21,637 
Development...................200000205- 817 855 1,049 1532 1,725 1,418 1,583 
Management of R&D ........................ 7,340 9,246 6,711 6.165 7,328 7,310 8,036 
Management otherthanR&D ................. 6206 6613 5,416 6.806 8335 8233 9,405 
DEG Cob e Cee ee h ee cececsensccieceses 18,992 19,292 21,733 22,452 22,430 21,701 21,998 
EE 5 6 on Rees cess eecccecrcsecereceses 1,037 = 1,441 1,535 1,981 2,383 2,258 2,657 
Sales/professional services’ .................. 3,017 4,264 5,264 6.223 7,325 6,720 £7,057 
Reporting/statistical work/computing ............ NA NA NA NA NA 1,636 4,830 
DEP ENUWeteecdeccccucucesecceececesees 5,260 5,241 5,242 8,152 9,447 6401 4,990 
See reer 33,652 37,848 42,829 46,645 52,182 56378 60,596 
I 0 0 04:60. 040:4 0 0 0.04060 6086 04 000.04 3,705 4535 4,970 4,704 4,765 6,107 6,637 
Basic research .................0000000. 1937 2546 2,464 2,344 2,316 2,884 3,290 
Applied research’ ...................045. 1,768 1,989 2,506 2.360 2,449 3,223 3,347 
Development............ 2.20... 00000000058 204 271 404 313 423 364 316 
Management of R&D ..................0005. 1609 1,620 1,060 903 1,043 1,030 898 
Management otherthanR&D ................. 4,297 5,002 4,745 4,705 5,152 5695 6,106 
CD RCo eee Db eee ce eee ccceresoenees 10,805 10330 12,477 12,708 13,184 13,839 13,455 
DN Oh es ccececcceeeeesarreseseces 1,481 1499 2,051 2,084 2,118 1576 2,239 
Sales/professional services’ .................. 9573 12,964 15,128 18,488 22,044 24677 28,090 
Reporting/statistical work/computing ............ NA NA NA NA NA 597 1,094 
DE SEES HEC D CECE DEEORSEt Cc ceeeceseees 1978 1,627 1,994 2,740 3453 2493 1,761 
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Appendix tabie 3-14. 
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89 
(page 3 of 4) 
Field and primary work activity 1977 1979 1981 1983 1985 1987 1989 
Mir s Occ ee ceecceeyeeeereryeesresess 44.908 50.479 55524 59.332 63,995 65866 70,027 
Research..................0 22-202 -00000-- 7,476 7,875 8,213 8,944 9.750 12,209 13,176 
Basic research ......................... 3,221 2695 3,201 3,192 3,291 4624 5,658 
Applied research’ ....................... 4255 5,180 5012 5,752 6459 7,585 7,518 
Development...................2.-..0.--- 365 270 270 474 398 153 232 
Management of R&D ....................... 2,058 3,280 2,463 1,550 2,113 1,732 2,154 
Management other thanR&D ................. 5.585 6622 6445 7,670 8257 8619 9,822 
NS 2 a6 6446 04569444440 OS eb 8 E ES 23,718 25,903 29,888 31,094 32.787 31,611 33,263 
eed os nb oo 464 66444 8464444 0448 949 1,206 1,476 1,534 1958 2151 2,411 
Sales/professional services’ .................. 610 980 1,544 1.338 1,868 459 632 
Reporting/statistical work/computing ............ NA NA NA NA NA 2610 3,876 
PN Od A 4.6 6445-440 494044 4406440004485 4147 4343 5225 6,728 6864 6322 4,461 
Totalengineers ...................-.....2004.4.. 45,050 50.342 57,039 61,545 65,853 67,768 74,783 
Research... 2... 2 eee 10,312 9939 13,511 14,983 14983 19,797 22,247 
Basic research...............20 00000000005. 1659 1955 2,777 3,099 3618 3514 3,575 
Applied research’.....................2000.. 8.653 7,984 10,734 11,884 11,365 16283 18,672 
Development .................. 002222200005 6,839 7,824 9874 9,763 10,791 9826 11,694 
Management of R&D....................2045.. 8,648 12519 10220 10,537 10,935 11,105 11,060 
Management other thanR&D.................... 5.910 4315 4937 4,955 5452 4448 4,834 
CS ele 5 cote 0466 ect eeeeseceneesees 8801 9,333 10,734 11,833 12,480 11,792 12,743 
DR a eee ea eenaceccecsceceessusesees 1611 2,597 3,834 3,747 3,705 3894 5218 
Sales/professional services’..................... 665 1,097 1,486 1.252 2,244 144 132 
Reporting/statistical work/computing............... NA NA NA NA NA 1,364 4,732 
SS a 2,264 2,718 2443 4475 5263 5398 2,123 
Aeronautical/astronautical ..................04.. 1987 2364 2519 3,684 3,827 5005 6,367 
Ceo we eceecceeseecencecuseens 586 733 763 994 1045 1,327 1,847 
Basic research ..............0 0000000005. 104 293 175 273 300 231 358 
Applied research’ ....................0.. 482 440 588 721 745 1,096 1,489 
Development... ...........0.000 00 cc ee eu eee 324 521 314 806 805 1,025 1,382 
Management of R&D .............0. 0.000005. 454 574 620 798 931 1,446 1,408 
Management other than R&D ................. 195 86 218 156 176 224 170 
CL 6.5 06 eee eee eecesecececesseees 336 310 387 517 335 436 631 
PA Rtbneecdkedeéeestsdaterdénenns 0 0 40 138 127 207 365 
Sales/professional services'.................. 25 61 84 79 125 51 0 
Reportiny/statistical work/computing ............ NA NA NA NA NA 114 242 
ET AG OH b 666 been eee vesereececereeeei 67 79 93 196 283 175 322 
eer eer rr es ree 5,603 6,166 7,146 6992 7,122 6923 7,959 
ER 6490 ON Rob 5S eR OE BORO ON Ceeetnees 1,187 1035 2125 2,054 1995 2503 3,446 
Basic research ........... 0.0.0.0... 0000 ee 199 175 278 374 446 488 491 
Applied research’ ..................0005. 988 860 1,847 1,680 1549 2015 2,955 
BENS. ib occ cccccccccccccccesccosecs 865 1,122 1,480 914 1,161 818 1,255 
Management of R&D ...... 2... eae 1,301 1,809 1,192 1,110 1,214 968 894 
Management other than R&D ................. 903 662 432 587 542 390 428 
NY GEE W cheeses ebeceetsecewedeeses 713 620 963 1,078 904 1,110 843 
Se err re 182 217 387 227 225 195 375 
Sales/professional services’'.................. 147 124 212 185 425 0 0 
Reporting/statistical work/computing ............ NA NA NA NA NA 103 471 
OMT ET TE LTE EP LULTTCeererrrerrre 305 577 355 837 656 836 247 
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Appendix table 3-14. 
Employed doctoral scientists and engineers, by field and primary work activity: 1977-89 
(page 4 of 4) 
Field and primary work activity 1977 1979 1981 1983 1985 1987 1989 
Denes cgveceeceseveereecvecceceveses 4,066 5,157 6.089 5,317 6,396 6,479 6,951 
eee sees rec eeeerereecseseeute 565 705 704 580 822 1,234 1,213 
Basic research ......................... 55 36 134 189 298 276 300 
Applied research’ ....................... 510 669 570 391 524 958 913 
cece teers cesecvecessnces 285 252 514 318 530 224 236 
Management of R&D ....................... 377 432 443 180 470 228 231 
Management other than R&D ................. 710 624 770 598 668 781 755 
Sac gee woeeeeseeseecerersesaeses 1470 1633 2,164 2132 2231 2369 2,439 
Dc co cecneseesscossecccececceces 347 1,073 983 934 788 871 1,461 
Sales/professional services’ .................. 60 165 233 113 318 8 78 
Reporting/statistical work/computing ............ NA NA NA NA NA 60 307 
ED WG-6'%s 4-0 See scesesebecsuceeeeesens 252 273 278 462 569 704 231 
Electricai/electronic....................--204.. 8,284 8597 10,630 12,696 14248 12,601 15,088 
eae csv eves eceeseeecevecesees 1418 1,327 1976 2455 2344 2,737 3,451 
Basic research ...................22..... 218 100 273 330 493 494 743 
Applied research’ ....................... 1,200 1.227 1,703 2,125 1851 2243 2,708 
ne neces eet sersesecesees 1,832 1454 2429 2551 2943 2966 3,285 
Management of R&D ....................... 1,631 2,534 2,128 2817 2899 2,197 3,102 
Management other than R&D ................. 959 826 836 1,144 1,273 760 814 
TS i wUS beh od6060 606 6ncesoesceses 1,897 1,842 2313 2447 3,028 2153 2,808 
ee 84 123 377 380 422 468 424 
Sales/professional services'.................. 106 186 242 247 423 26 0 
Reporting/statistical work/computing ............ NA NA NA NA NA 224 886 
PE 6s 66s 86 bob 0 eee ceceseeecesnees 357 305 329 655 916 1,070 318 
a6 e.ctveseeccesoseareevessencesees 4648 5245 5370 5657 6594 6,711 7,390 
nn 660 640 sneedeecscesntcoecenees 931 778 ~=61,219 836 1,214 1850 1,964 
Basic research .................0200055. 134 172 344 156 376 244 251 
ms. research’... 2... 2 eee 797 606 875 680 838 1,606 1,713 
inn oe sees see eeteceeeseéess 598 853 1,015 1,055 1,264 838 1,199 
oe a MD pcgegecsececcecessesuce 826 1,023 660 597 896 697 707 
Management other than R&D ................. 579 392 379 491 529 411 402 
Cs £SUE 6 C8 0 640 ce cesccseeeceseeess 1,267 1,582 1,501 1867 2,025 2,109 2,387 
IDL + 9 0b0665909.6060006606008 006008 164 364 378 342 340 330 304 
Sales/professional services'.................. 61 178 132 65 113 0 41 
Reporting/statistical work/computing ............ NA NA NA NA NA 88 224 
gp VERPPIETULTLOLE TT TTT ETT TTTrrTe 222 75 86 404 213 388 162 
Otherengineers ..... 0... 0 60 eee ee 20,462 22,813 25,285 27,199 27,666 30,049 31,028 
PR a ccc cccccecccccccecececceccuess 5,625 5,361 6,724 8064 7,563 10,146 10,326 
Basic research ....... 2... 0. .0...0000005. 949 1,179 1,573 1,777 1,705 1,781 1,432 
Applied research’ .................00055. 4676 4,182 5,151 6.287 5858 8365 8,894 
Development.................. 00... ce eee 2,935 3,622 4,122 4,119 4,088 3955 4,337 
Management of R&D .................0005.. 4,059 6,147 5,177 5035 4525 5569 4,718 
Management other thanR&D ................. 2,564 1.725 2,302 1979 2264 1882 2,265 
EST TEE EET E PRET ETT LTP T TTT ee 3,118 3,346 3406 3,792 3957 3615 3,635 
DM ¢radeenevedeeeeerticarcesavens 834 820 1,669 1,726 1,803 1,823 2,289 
Sales/professional services’ .................. 266 383 583 563 840 59 13 
— work/computing ............ NA NA NA NA NA 775 = 2,602 
Se eheGw bed NWREDW Ke cesecececcees 1,061 1,409 1,302 1921 2626 2,225 843 
NA = not available 


NOTE: Details may not sum to totals because of rounding. 


‘In 1987, sales/professional services was redefined to include only professional services; sales data from 1987 on are included with “other.” In 1987, 


applied research was redefined. Data from 1987 on reflect this change. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States: 


1989, NSF 91-317 (Washington, DC: NSF, 1991). 
See figure 3-13. 
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Appendix table 3-15. 
Employed doctoral scientists and engineers, by field and type of employer: 1977-89 
(page 1 of 3) 
Field and type of employer 1977 1979 1981 1983 1985 1987 1989 
TOTAL SCIENTISTS AND ENGINEERS .............. 285,055 314,257 343,956 369,320 400,358 419,118 448,643 
Business and industry......................... 71,562 82,858 99,126 113,463 125,767 131,699 145,148 
Educational institution ......................... 163,768 174,483 187,011 196,050 211,611 218697 230,932 
Federal Government......................-..-..- 21,389 23,946 25,124 25.793 26.337 27,532 29,242 
State and local government..................... 5,308 6.123 6558 7,717 8,217 9,223 10,397 
Nonprofit organization......................... 10,195 12,454 12,601 11,894 13.617 15464 16,150 
EN Cie h eek be e602 S64 Hs Hee ee eter eee 12,833 14,393 13,536 14403 14809 16503 16,774 
Total scientists................................ 240,005 263,915 286.917 307,775 334,505 351,350 373,860 
Business and industry......................... 48.694 56,341 67,338 78963 87,909 94552 103,189 
Educational institution......................... 147,851 157,409 168,969 175,730 189,914 194,987 205,810 
Federal Government.......................... 17,870 20,375 21,321 21,950 22530 23,926 24,696 
State and local government..................... 4924 5882 6201 7,334 7,855 8697 9,858 
Nonprofit organization......................... 8,644 10438 10,263 9973 11,903 13,290 13,961 
Dy bE 6 eG 6046 6b 6606 Cet eee teeeeeee ees 12,022 13,470 12,825 13,825 14,394 15,898 16,346 
in ie ene obs & 06454 4:6 460 64 65 OG 4 4.088 2 57,531 60,222 63,110 63,986 67,480 68647 70,209 
Business and industry....................... 23,006 24,989 27,409 28,748 30,281 30,741 32,042 
Educational institution....................... 27,118 27,300 28,225 27,931 29,700 30,310 30,276 
Federal Government........................ 3.945 4598 4342 4,307 4044 4,322 4,602 
State and local government................... 276 279 358 246 344 448 424 
Nonprofit organization....................... 2,042 1985 2,093 1,751 2.286 2,167 2,095 
ES SERGLOVAS 0 066.0.06:66 666600050000 008 1,144 1,071 683 1,003 825 659 770 
NS 6 0.06.60666 646 ee cecdsesdsesianes 14,609 15,250 15,569 16379 16,758 16699 17,611 
Business and industry....................... 1312 1469 1616 2027 1,911 1,838 2,105 
Educational institution....................... 12,223 12,550 12,719 13,244 13,560 13,674 14,300 
Federal Government......................5.. 604 817 852 790 853 848 786 
State and local government................... 51 51 2 21 34 26 63 
Nonprofit organization....................4.. 261 294 263 211 293 151 285 
SEY BGS PP ROWS? acc ceeecscecececcesecees 158 69 117 86 107 162 72 
Computer specialists................0..00.20205.. 5,767 6,684 9,064 12,164 14,964 18,571 19,797 
Business and industry....................... 3,058 3,669 5228 6819 8351 11,383 11,483 
Educational institution....................... 2,128 2404 3,010 4,031 5288 5558 6,553 
Federal Government...................0.000.. 251 336 355 490 692 797 820 
State and local government................... 81 7 152 336 248 258 308 
Nonprofit organization...................00.. 159 163 276 345 329 444 518 
DES 6c CSCCeC coc cccececesceseeeeseees 90 105 43 143 56 131 115 
Environmental... 0... eee 13,001 14,575 15,909 16467 17,288 17,811 19,787 
Business and industry....................... 3,103 4246 4,705 5154 5254 5168 6,266 
Educational institution....................... 6,285 6146 6741 6682 7,222 7483 8,001 
Federal Government.................0..0055. 2417 2,716 3,075 3,102 3,309 3363 3,264 
State and local government................... 506 655 604 819 666 913. = 1,131 
Nonprofit organization... .............0...005. 520 614 623 555 678 702 894 
PEPER SSWLUE Fececccccncccccccececeaes 170 198 161 155 159 182 231 
DR Acetr seen ds epesevescetcesecedesesceeeen 70,537 78,857 84,912 92,802 101,838 107,378 115,833 
Business and industry....................0.. 9,734 11,145 13,123 16444 19,165 20455 23,572 
Educational institution..............0...0005. 46,865 51,673 55,762 58906 63,595 66415 70,479 
Federal Government................00000050. 6,372 7,167 7,225 7,771 7,962 8709 9,132 
State and local government................... 1,452 1,551 1670 1,710 2,166 1944 2,743 
Nonprofit organization... ............0000005. 2,401 2970 3,150 3,258 3,884 4256 4,267 
DET CRAENEMEYR eo cecccceceseceesecesces 3,713 4351 3982 4713 5066 5599 5640 
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Appendix table 3-15. 
Employed doctoral scientists and engineers, by field and type of employer: 1977-89 
(page 2 of 3) 
Field and type of employer 1977 1979 1981 1983 1985 1987 1989 
Psychologists ................--...---------- 33,652 37,848 42829 46.645 52.182 56378 60,596 
Business and industry....................... 5,528 7,077 10,122 13,020 15,530 17,381 19,899 
Educational institution....................... 18512 19846 21675 22182 24893 25.369 26.425 
Federal Government........................ 1,220 1,080 1,211 1,191 1,049 1,388 1,426 
State and local government................... 1,336 1,680 1,715 2148 1916 2,197 2.211 
Nonprofit organization....................... 1272 1,725 1679 1,773 2,084 2501 2,697 
PR PbB EE 60.646 669 60.66.6664 6 es an ewes 5,784 6440 6427 6,331 6,710 7,542 7,938 
i eerie in ae 2:66. 66.06 4: 4 6404 464088 0% 44908 50479 55524 59.332 63,995 65866 70,027 
Business and industry....................... 2953 3,746 5135 6,751 7417 7586 7,822 
Educational institution....................... 34,720 37,490 40837 42,754 45.656 46.178 49.776 
Federal Government........................ 3,061 3,661 4,261 4.299 4.621 4,499 4,666 
State and local government................... 1,222 1,659 1,700 2,054 2,481 2,911 2,978 
Nonprofit organization....................... 1989 2687 2,179 2080 2349 3,069 3.205 
thes be ees teeesernedeeeeeceeede 963 1236 1412 1,394 1.471 1623 1,580 
Totalengineers ....... 6... eee 45.050 50342 57.039 61,545 65,853 67.768 74,783 
Business and industry......................... 22,868 26,517 31,788 34,500 37,858 37,147 41,959 
Educational institution......................... 15,917 17,074 18,042 20320 21,697 23,710 25,122 
Federal Government.......................... 3.519 3,571 3803 3843 3807 3606 4,546 
State and local government..................... 384 241 357 383 362 526 539 
Nonprofit organization...................0004.. 1551 2016 2,338 1,921 1.714 2,174 2,189 
DCR OUREME RS cn cccateccocescescoeseeses 811 923 711 578 415 605 428 
Aeronautical/astronautical ...................... 1987 2,364 2519 3,684 3,827 5005 6,367 
Business and industry....................... 799 907 1,127 1928 2085 3,177 4,116 
Educational institution....................4.4. 561 783 675 865 732 907 1.258 
Federal Government.....................04.. 381 407 425 511 627 550 715 
State and local government................... 0 0 0 1 0 0 0 
Nonprofit organization...................005. 63 134 176 305 271 327 248 
ES SOOO 183 133 116 74 102 aa 30 
ee mecnebecsieseresersceverocones 5603 6166 7,146 6992 7,122 6923 7,959 
Business and industry....................... 4099 4540 5342 4788 5,097 4690 5411 
Educational institution....... 0.2.0.0... 0.00045. 1180 1,129 1,380 1,722 1.778 1,941 2,152 
Federal Government..................00055. 210 260 258 174 183 164 246 
State and local government................... 8 0 23 0 0 0 14 
Nonprofit organization.............0...0.000045. 96 191 143 202 64 75 127 
MPS BUEWEE DOT eccccecccecesecoeeeeeoes 10 46 0 106 0 53 9 
DD Seiseeeeneeenseeciceseress: 4,066 5,157 6089 5317 6396 6479 £6,951 
Business and industry........... 1199 1822 2555 1895 2426 1,931 2,426 
Educational institution............ 2,211 2,722 2,887 3,138 3409 3802 3,667 
Federal Government................... 279 249 145 79 295 387 432 
State and local government................... 244 131 192 146 162 262 302 
Nonprofit organization....... 0.0.0.0... 0000045. 13 0 69 16 14 49 73 
PE CERRO EC bb ccccceccceccccceceececes 120 233 241 43 90 48 51 
Electricai/electronic. 2... eee 8,284 8597 10630 12,696 14248 12,601 15,088 
Business and industry..................00005. 3,915 4,687 6,187 7,615 8,566 7,600 8,780 
Educational institution.................00.005.5. 3.290 2,930 3592 3,960 4672 3979 4,829 
Federal Governmerit..... 0.0.0.0... eee 620 719 524 776 756 637 950 
State and local government.................4.. 13 17 60 62 46 35 50 
Nonprofit organization....... 0.0... ..0.0.00 00044. 320 184 264 218 186 254 377 
DTG URMEESEA oe heecerccecccececeseses 126 60 3 65 22 96 102 
(continued) 
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Appendix table 3-15. 
Employed doctorai scientists and engineers, by field and type of employer: 1977-89 
(page 3 of 3) 
Field and type ot employer 1977 1979 1981 1983 1985 1987 1989 
teense cceceucececeeeteeeeees 4,648 5,245 5,370 5,657 6,594 6,711 7,390 
Business and industry....................... 2,108 2.419 2,645 2,596 3,094 2.641 3,129 
Educational institution....................... 2,038 2,235 2,138 2,578 2,973 3,544 3,597 
Federal Government........................ 319 338 322 353 308 311 364 
State and local government................... 0 1 2 0 0 8 7 
Nonprofit organization....................... 183 228 263 107 194 179 230 
AES 0 24 0 23 25 28 63 
Other engineers ........... 22-200 eee ee eee. 20,462 22813 25,285 27,199 27,666 30,049 31,028 
Business and industry....................... 10,748 12,142 13,932 15,678 16580 17,108 18,097 
Educational institution....................... 6,637 7,275 7,370 8,057 8,133 9,537 9,619 
Federal Government........................ 1,710 1,598 2,129 1,950 1,638 1,557 1,839 
State and local government................... 119 92 80 174 154 221 166 
Nonprofit organization............ 0 .......... 876 1,279 1,423 1,073 985 1290 1,134 
EPP TTTTTTTT TTT TT TTT TTT ee 372 427 351 267 176 336 173 


NOTE: Details may not sum to totals because of rounding. 

SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States: 
1989, NSF 91-317 (Washington, DC: NSF, 1991). 

See figure 3-14 and figure O-11 in Overview. Science & Engineering indicators - 1991 


Appendix table 3-16. 
U.S. immigrant scientists and engineers, by country of origin: 1988 
Math scientists 
Natural and computer Social 
Country of origin Total Engineers scientists specialists soentsts 
SS oc cccccccccererecesececcesoue 10,918 8.081 1,198 1,164 475 
Westem Europe ........................... 1,674 1,173 257 165 79 
France ..................-.---0------. 93 67 10 13 3 
Waly... eee 50 30 14 2 4 
DE cw seccccrcececccccesesecececes 66 52 5 6 3 
United Kingdom..................-.2.... 776 553 107 92 24 
West Germany.......................... 157 86 43 10 18 
Allothers............2..0.0.0.20--22505.. 532 385 78 42 27 
Eastem Europe.................--2.--...... 723 465 112 34 112 
Poland ................ 200.020 e ee eee 313 173 60 10 70 
ne ba kein eed een é ea COON WEEE EON 153 116 17 8 12 
Yugosiavia......................... 53 36 8 1 8 
|S ee ee 204 140 27 15 22 
North and Central America.................... 1,142 790 131 132 89 
re 325 202 50 54 19 
re re 201 148 28 17 8 
Aliothers.... 2.2.20. 2. fe eee eee eee 616 440 53 61 62 
Near and MiddieEast.......... eee, 1,262 1,045 93 95 29 
DMIs 6 ceGecerececcoccreseseesccves 648 552 41 43 12 
SS 6 66.95 0.46.0506.0060% 6000500666 89862 134 86 22 22 4 
All others... . 2... eee 480 407 30 30 13 
in cits b0s95 04060606445 600 556056000064 4,986 3,831 463 615 77 
Hong Kong ..... 2.2... 62 fe eee eee 432 330 28 70 4 
ME cceeccccceccceseeeecsesesecevecs 1,246 958 61 104 23 
BE cv ocnvecceccsecceccecccecessseces 102 70 11 17 4 
People’s Republic of China. ................ 740 566 53 110 11 
The Philippines ...... 2. 2 2 eee ee 798 676 51 60 11 
South Korea... ee 183 152 14 16 1 
ds 6.6:6000.00090600606660006600066% 907 646 83 171 7 
All others... cece 578 433 62 67 16 
DT + +. cc ceeeeeeeeeeeeesecggeses 1,131 777 142 123 89 


NOTES: Data refer to scientists and engineers from all sectors. Country identification is based on the country of birth. “immigrant” refers to those scientists 
and engineers allowed to stay permanently in the United States and obtain citizenship, it includes both those who came directly from a foreign country and 
those who changed to immigrant status while in the United States. It does nof include those admitted on a temporary basis unless they changed their 


Status to become immigrants. 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and Technology Data Update: 1991, NS® 91-309 
(Washington, DC: NSF, 1991). 
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Appendix table 3-17. 
Nonacademic scientists and engineers per 10,000 labor force, by gender for selected countries: most current 
years 
United United West 
France Italy Japan Kingdom’ States’ Germany 
(1987) (1981) (1985) (1981) (1986) (1985) 
Total numbers 
TOTAL SCIENTISTS & ENGINEERS 473,897 124,290 1,514,200 585,190 3,919,900 621,500 
re 405,389 110,137 1,444,400 533,380 3,393,700 585,400 
Female................... 68,508 14,153 69,800 51,810 526,200 36,100 
Scientists.................... 202,541 63,402 389,900 219,740 1,676,400 114,100 
Male..................... 141,413 50,093 338,400 173,880 1,242,800 95,700 
Female................... 55,128 13,309 51,500 45,860 433,600 18,400 
EN 6 én wo 9 ee 40444490999 271,356 60,888 1,124,300 365,450 2,243,500 507,400 
DE ccweeeneseseetavers 257,976 60,044 1,106,000 359,500 2,150,900 489,700 
DM Kceegexeecuxvenes 13,380 844 18,300 5,950 92,600 17,700 
Per 10,000 labor force 
TOTAL SCIENTISTS & ENGINEERS 197 61 251 219 328 223 
Din teve boson edeneeseees 168 54 240 199 284 210 
Female................... 28 7 12 19 44 13 
Scientists...............2.... 84 31 65 82 140 41 
Dt cpaackeasecaneneees 59 25 56 65 104 34 
ee 23 7 9 17 36 7 
Engineers ................... 113 30 187 137 188 182 
Din scohespeneecavessas 107 30 184 134 180 176 
ee 6 7 3 2 8 6 
Se 24,073,000 20,246,000 60,270,700 26,740,000 119,540,000 27,844,000 


* = less than 1 per 10,000 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to totals because of rounding. The 
numbers of scientists and engineers for France, Italy, Japan, the United Kingdom, and West Germany are estimates prepared by the U.S. Bureau of the 
Census based on published and unpublished census and survey data for the years shown. Labor force data are from the Organisation for Economic 
Cooperation and Development; thus, the number of scientists and engineers per 10,000 labor force differs from data published in Census Bureau reports. 


‘Data exclude Northern Ireland. 
*Data by gender are estimates. 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and Technology Data Update: 1991, NSF 91-309 
(Washington, DC: NSF, 1991). 


See figure O-7 in Overview. Science & Engineering Indicators — 1991 
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Appendix table 3-18. 
Nonacademic scientists and engineers, by sector of employment in selected countries: most current years 
United United West 
France Japan Kingdom’ States Germany 
Sector (1987) (1985) (1981) (1988) (1985) 
Scientists 
Percent ooseeeenemnneimenennemes 

Total..............2.......2.... 100.0 100.0 100.0 100.0 100.0 
Pn ¢ 65 e066 1045 ees eee 6444 . ° 0.5 1.0 0.2 
les cee suseeerereereree 1.1 ° 1.3 2.6 NA 
Manufacturing ................... 13.5 21.3 31.8 20.1 43.0 
Comptasstion ..... 2.220222 e ee eees 1.2 1.2 0.7 0.2 0.9 
Wholesale and retail trade........... 5.1 9.2 48 3.7 2.2 
Transportation, communications, 

and public utilities .............. 15 2.1 5.5 2.7 2.9 
Services .....................-.. 47.9 64.7 45.3 45.6 39.7 
Governmment..................... 29.4 1.0 10.1 24.0 7.4 
DCcine hpeegenececessesees 0.2 NA 0.1 NA 3.7 

Engineers 

Da nadedabedken bieunses bees 100.0 100.0 100.0 100.0 100.0 
i + 20¢060heseeesreteees 0.3 0.5 0.1 0.1 0.1 
AP 3.9 0.4 2.0 1.9 NA 
Manufacturing ................... 34.2 32.6 52.4 51.8 43.9 
Construction .................... 6.6 23.0 9.7 1.7 10.5 
Wholesale and retail trade........... 3.0 1.9 2.4 2.0 1.9 
Transportation, communications, 

and public utilities .............. 2.3 5.9 10.7 5.7 10.1 
Diet cnt ce seyeeeceesesss 26.9 31.0 17.0 23.3 21.0 
Government..................... 22.4 47 5.7 13.4 12.0 
a 0.2 NA . NA 0.5 
* = less than 0.05 percent; NA = not available 
NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to 100 percent because of rounding. 
Figures for France, Japan, the United Kingdom, and West Germany are estimates prepared by the U.S. Bureau of the Census based on published and 
unpublished census and survey data for the years shown. 
‘Data exclude Northern Ireland. 
*Mining data for West Germany are included under transportation, communications, and public utilities. 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and Technology Data Update: 1991, NSF 91-309 
(Washington, DC: NSF, 1991). 
See figure 3-18. Science & Engineering Indicators - 1991 
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Appendix table 3-19. 
Total labor force and scientists and engineers engaged in R&D per 10,000 labor force, for selected countries: 
1965-87 
(page 1 of 2) 
United United West 
France Italy Japan Sweden Kingdom States Germany 
Labor force (in thousands) 
i ei@eens ss ee 6 4004s 4e4S9% 20,365 21,073 47,870 3,742 25,498 76,401 27,034 
a 20,534 20,836 48,910 3,792 25,632 77,892 26,962 
1967...................... . 20,678 20,967 49,830 3,775 25,490 79,565 26,409 
1968.............202.2.22... 20,861 21,039 50,610 3,822 25,378 80,990 26,291 
Pe cous vceteteeses tbeeewed 21,095 20,857 50,980 3,855 25,375 82.972 26,535 
ee 21,415 20,886 51,530 3,913 25,308 84.889 26,817 
in icaeeeeeseu ase ee ceseees 21,578 20,881 51,860 3,961 25,207 86,355 27,002 
cc eae eeeecsecesresereses 21,738 20,713 52,000 3,970 25,264 88,847 26,990 
rere 22,022 20.879 53,260 3,977 25,612 91,203 27,195 
Rs 6&5 ha 6000440 0345000584 22,260 21,046 53,100 4,043 25,659 93,670 27,147 
Pn cect ce Geese ousceutseees 22,353 21,233 53,230 4,129 25,893 95,453 26,884 
ee 22,605 21,553 53,780 4,155 26,111 97,826 26,651 
nes ee6ne bé660-56 0464 bo8 8 22,910 21,870 54,520 4,174 26,224 100,665 26,577 
Nc a ener nbteseeeveceyers 23,062 21,950 55,320 4,290 26,357 103,882 26,692 
605665260086 0804002 0480 23,243 22,276 55,960 4,268 26,628 106,559 26,923 
ht hp aeeuhe o0ebs es 0keane bs 23,369 22,553 56,500 4,318 26,840 108,544 27,217 
in. ¢been6+tede4eeceueseee 23,530 22,693 57,070 4,332 26,740 110,315 27,416 
Pc Ghcedabaedeedeedoaetes 23,743 22,798 57,740 4,357 26,677 111,872 27,542 
eee re ree ee 23,714 23,061 58,890 4,375 26,610 113,226 27,589 
iy 4 404.5 0-4554000800600404% 23,867 23,323 59,270 4,332 27,265 115,241 27,629 
ek ceecehe6¢baeR 44050544 23,917 23,495 59,634 4,367 27,797 117,167 27,844 
Ph s4cnescees cencaecieness 23,993 23,851 60,200 4,386 27,984 119,540 28,024 
Ps teeneceeeeeanneses és ene 24,073 24,030 60,840 4,421 28,211 121,602 28,216 
Scientists and engineers engaged in R&D per 10,000 labor force 

ins s+eenneeneeneseseeases 21.0 NA 24.6 NA 19.6 64.7 22.6 
ccc eceeweddessaeeeesess 29.2 NA 26.4 NA NA 66.9 22.3 
PM ebececeuseeescecesscsese 25.3 NA 278 NA NA 67.2 24.4 
MT uaaenecagepeendsiaeeeis 26.2 NA 31.1 NA 20.8 67.9 25.9 
Sls & du ce4040066s%4ctubeee5s 27.1 12.2 30.8 NA NA 66.6 28.2 
ie 606 t6 6606086 665000644660 27.3 13.2 33.4 NA NA 64.1 30.8 
Do 6 6 6.4.0-664656040% 6.668666 0 27.9 14.8 37.5 22.9 NA 60.6 33.4 
ie 6 66.6.0560566.00006-660664 28.2 15.7 38.1 NA 30.4 58.0 35.6 
Ps 6 4.§.66¢660560-604646404 40605 28.5 16.0 42.5 23.2 NA 56.4 37.1 
Se b6 6000054550664 40606244 28.8 16.3 44.9 NA NA 55.6 37.8 
Shs 0662664 00.06 400000664280 29.2 17.9 479 32.0 31.1 55.3 38.6 
Ste @ 60:9 6:664.0066%.066006006% 29.6 17.6 48.4 NA NA 54.7 39.2 
Psst ceccaseterecesceseses 29.7 18.2 49.9 33.8 NA 55.7 418 
SNe 66646608 0066066 00480880 30.7 18.6 49.4 NA 33.3 56.5 427° 
Sn 0064405400660 6650+60064 31.4 20.8 50.4 34.6 NA 57.7 43.4 
PPPS e reer eT rer err err 32.1 20.8 53.6 NA NA 60.0 44.3° 
Me cecesecendceneeceasoeses 36.3 22.9 55.6 35.2 35.8 61.9 45.5 
See 64-0066 660.0000008660806 37.9 249 57.1 NA NA 63.6 46.4° 
Ms .¢.0600046s04sebebenernse 39.1 27.3 58.1 39.0 35.4 66.4 47.4 
Me 6 04.000 6406046 0:0009400608 41.1 26.6 62.4 NA 35.5 * 69.2 496° 
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Appendix table 3-19. 
Total labor force and scientists and engineers engaged in R&D per 10,000 labor force, for selected countries: 


1965-87 


(page 2 of 2) 
United United West 
France Italy Japan Sweden Kingdom States Germany 
RNs oweecw woevenuddaivee ues 428 27.1 63.9 44.9 35.5 72.5 51.6 
rere 43.8 * 28.4 67.4 NA 35.5 75.0 52.3 * 
i edeiwchsseeenécteeeus nes 44.9* 29.4 68.8 50.2 35.9 75.9 53.7 * 


* = National Science Foundation estimates: NA = not available 

NOTES: Table inciudes all scientists and engineers engaged in R&D on a full-time basis with the following exceptions. Japanese data include persons 
primarily employed in R&D in the natural sciences and engineering, and the United Kingdom data inciude only government and industry sectors. The 
figures for West Germany increased in 1979 because of increased coverage of small and medium enterprises not surveyed in 1977; data starting with 
1979 were revised in 1988 using improved methodologies. The figures for France increased in 1981 in part because of a re-evaluation of university 
research methods. 

SOURCE: Science Resources Studies Division, National Science Foundation, /nternationai Science and Technology Data Update: 1991, NSF 91-309 
(Washington, DC: NSF, 1991). 

See figure 3-19. Science & Engineering Indicators — 1991 


Appendix table 3-20. 
Scientists and engineers engaged in R&D, by country: 1965-88 


United United West 
France Italy Japan Sweden Kingdom States Germany 


~ Thousands - 
eee 42.8 NA 117.6 NA 49.9 494.6 61.0 
1966........... 60.0 NA 128.9 NA NA 521.1 60.0 
i sseee0ede% 52.4 NA 138.7 NA NA 534.4 64.5 
1968........... 54.7 NA 157.6 NA 52.8 549.9 68.0 
1969........... 57.2 25.4 157.1 NA NA 552.7 74.9 
1970........... 58.5 27.6 172.0 NA NA 543.8 82.5 
1971........... 60.1 30.9 194.3 9.1 NA 523.5 90.2 
1972........... 61.2 32.6 198.1 NA 76.7 515.0 96.0 
1973........... 62.7 33.3 226.6 92 NA 514.6 101.0 
1974........... 64.1 34.3 238.2 NA NA 520.6 102.5 
1975........... 65.3 37.9 255.2 13.2 80.5 527.4 103.7 
1976........... 67.0 37.9 260.2 NA NA 535.2 104.5 
1977........... 68.0 39.7 272.0 14.1 NA 560.6 111.0 
1978........... 70.9 40.8 273.1 NA 87.7 586.6 113.9 
1979........... 72.9 46.4 281.9 14.8 NA 614.5 116.9 
1980........... 74.9 47.0 302.6 NA NA 651.2 120.7 
1981........... 85.5 52.1 317.5 15.2 95.7 683.3 124.7 
1982........... 90.1 56.7 329.7 NA NA 711.9 127.7 
1983........... 92.7 63.0 342.2 17.0 94.1 751.7 130.8 
1984........... 98.2 62.0 370.0 NA 96.3 797.8 137.1 
GE oc cecesedse 102.3 63.8 381.3 19.6 98.0 849.2 147.6 
1986........... 105.0 67.8 405.6 NA 101.7 896.5 156.0 
re 109.4 70.6 418.3 22.2 101.4 923.3 165.6 
1988........... NA NA 441.9 NA NA 949.2 NA 


NA = not available 


NOTES: Table includes all scientists and engineers engaged in R&D on a full-time basis with the following 
exceptions. Japanese data include persons primarily employed in R&D in the natural sciences and 
engineering, and the United Kingdom data include only government and industry sectors. The figures for 
West Germany increased in 1979 because of increased coverage of small and medium enterprises not 
surveyed in 1977; data starting with 1979 were revised in 1988 using improved methodologies. The 
figures for France increased in 1981 in part because of a re-evaluation of university research efforts. 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and 
Technology Data Update: 1991, NSF 91-309 (Washington, DC: NSF, 1991) 


See figure 3-19. Science & Engineering Indicators — 1991 
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Appendix table 3-21. 
Scientists and engineers in manufacturing, by occupation group for 
selected countries: most current years 


United United West 
France Japan Kingdom' States Germany’ 


Occupation (1987) (1985) (1981) (1988) (1985) 
Percent —— 

Total scientists and engineers ...... 100.0 100.0 1000 1000 100.0 
ee 24.4 25.7 27.0 20.5 18.4 
ee 8.0 44 12.3 10.0 10.9 
SED ob veceaseéeurtseas 14.6 21.2 14.1 10.4 NA 
Serre err re 1.9 0.1 0.6 0.1 7.4 
Engineers..................... 75.4 74.3 73.0 79.5 81.6 
Se rT reer 5.4 32.1 1.3 0.8 25.9 
ElectricaV/electronic............ 25.5 15.4 12.6 25.0 13.0 
industrial/mechanical .......... 44.7 26.8 59.0 53.7 42.8 


NA = not separately available 
NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may 
not sum to totals because of rounding. Figures for France, Japan, the United Kingdom, and West 
Germany are estimates prepared by the U.S. Bureau of the Census based on published and unpublished 
census and survey data for the years shown. 
‘Data exclude Northern ireland. 
*Systems analysts are included with natural scientists; computer engineers are included with elec- 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and 
Technology Data Update: 1991, NSF 91-309 (Washington, DC: NSF, 1991). 
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Appendix table 3-22. 
Nonacademic scientists and engineers, by age group in selected countries: 


most current years 


United United West 
France Japan Kingdom' States’ Germany 


Age group (1987) (1985) (1981) (1986) (1985) 
Total 0 eee eee eee 100.0 100.0 100.0 100.0 100.0 
Under 35.0.0... eee eee eee 282 485 389 329 303 
95-54 ccc eee eee 61.7 449 32.1 49.0 56.0 
Over 55 0.6 10.1 67 290 18.1 13.6 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may 
not sum to totals because of rounding. Figures for France, Japan, the United Kingdom, and West 
Germany are estimates prepared by the U.S. Bureau of the Census based on published and unpublished 
census and survey data for the years shown. 

‘Data exclude Northern Ireland. 

*Data are for academic and nonacademic scientists and engineers and exclude those respondents for 
whom no age was reported. 

SOURCE: Science Resources Studies Division, National Science Foundation, international Science and 
Technology Data Update: 1991, NSF 91-309 (Washington, DC: NSF, 1991). 

See figure 3-20. Science & Engineering Indicators - 1991 
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Appendix table 3-23. 
First university degrees, by field of study for selected countries: most current years 
United United West 
France’ Italy Japan Sweden Kingdom States Germany 
Academic field (1987) (1987) (1988) (1987) (1988) (1988) (1988) 
Number of degrees 

DL cvetagu dees ave ev deceve 55,705 75,810 382,828 30,759 70,306 1,006,033 74,458 

Natural science and engineering ..... 26,606 23,423 102,911 3,796 25,990 196,934 26,081 
Natural sciences .............. 12,030 10,112 13,388 1,033 15,858 108,784 13,393 
Engineering.................. 14,576 10,295 76,362 2,236 8,839 70,406 10,444 
Agriculture .................. NA 3,016 13,161 527 1,293 14,331 2,244 

ee 29,099 52,387 279,917 26,963 44,316 809,099 48,377 

Percentage distribution among fields 

Allfields....................... 100.0 100.00 100.0 100.00 100.0 100.0 100.0 

Natural science and engineering ..... 478 30.9 26.9 12.3 37.0 19.6 35.0 
Natural sciences .............. 21.6 13.3 3.5 3.4 22.6 10.8 18.0 
Engineering.................. 26.2 13.6 19.9 7.3 12.6 7.0 14.0 
Agriculture .................. NA 4.0 3.4 1.7 1.8 1.4 3.0 

Allothers...................... 52.2 69.1 73.1 87.7 63.0 80.4 65.0 


NA = not separately available 


NOTE: The natural sciences include physical and earth sciences, biological sciences, mathematics, and computer sciences. For France only, agriculture 


is included under the natural sciences. 


‘Data are based on maitrise degrees and engineering degrees. French engineering degrees are equivalent to U.S. masters degrees 
SOURCE: Science Resources Studies Division, National Science Foundation, international Science and Technology Data Update: 1991, NSF 91-309 


(Washington, DC: NSF, 1991). 
See figure O-14 in Overview. 
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Appendix table 3-24. 
Doctorates granted, by field of study for selected countries: most current years 
United United West 
France’ Italy Japan Sweden Kingdom’ States Germany 
Academic field (1987) (1987) (1988) (1987) (1988) (1988) (1988) 
Number of degrees 

PL, occ cccerecececeeeeceve 7,965 2,145 9,156 956 7,588 33,456 17,321 
Natural science and engineering. . . 4,721 939 3,099 384 2,868 14,620 6,106 
Natural sciences .............. 4,439 518 837 191 1,312 9,415 4,275 
Engineering.................. 282 332 1,547 143 1,312 4,190 1,381 
Agriculture .................. NA 89 715 50 244 1,015 450 

Allothers...................... 3,244 1,206 6,057 572 4,720 18,836 11,215 

Percentage distribution among fields 

All fields....................... 100.0 100.0 100.0 100 100.0 100.0 100.0 

Natural science and engineering .... . 59.3 43.8 33.8 40.2 37.8 43.7 35.3 
Natural sciences .............. 55.7 24.1 9.1 20.0 17.3 28.1 24.7 
ee 3.5 15.5 16.9 15.0 17.3 12.5 8.0 
Agriculture .................. NA 4.1 7.8 5.2 3.2 3.0 2.6 

Allothers...................... 40.7 56.2 66.2 59.8 62.2 56.3 64.7 


NA = not separately available 
NOTE: The natural sciences include physical and earth sciences, biological sciences, mathematics, and computer sciences. For France only, agriculture 
is included under the natural sciences. 
‘Data inciude the 3’eme Cycle and Docteur ingenieur degrees, which are somewhat less than a Ph.D., and the Docteur d'etat, which is more than a Ph.D 
France plans to grant a Ph.D.-level doctorate in the future. 
"Ninety-four percent of “all other’ Japanese doctorates are in health-related fields. Computer science is not a separate degree and is normally included in 
*Data include Ph.D.-level and higher doctorates. 
SOURCE: Science Resources Studies Division, National Science Foundation, internationa! Science and Technology Data Update: 1991, NSF 91-309 
(Washington, DC: NSF, 1991). 
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Appendix table 4-1. 
GNP and GNP implicit price deflators: 1960-92 
GNP implicit price defiators GNP 
Calendar year Fiscal year Calendar year Fiscal year 
—- Billions of dollars - 

1960 ............ 0.3095 0.3111 515.3 507.8 
1961 ............ 0.3124 0.3144 533.8 519.0 
1962............ 0.3194 0.3200 574.7 556.7 
1963 ............ 0.3240 0.3258 606.9 588.6 
1964............ 0.3293 0.3305 649.8 629.4 
1965............ 0.3378 0.3375 705.1 673.6 
1966....... er 0.3496 0.3474 772.0 740.5 
1967 ............ 0.3594 0.3593 816.4 793.6 
1968 ............ 0.3773 0.3719 892.7 852.4 
1969............ 0.3978 0.3920 964.0 929.5 
GED onc ccc scacce 0.4203 0.4148 1,015.5 990.5 
1971 ............ 0.4438 0.4366 1,102.7 1,057.1 
1972............ 0.4649 0.4606 1,212.8 1,151.2 
1973 ............ 0.4954 0.4835 1,359.3 1,285.5 
ere 0.5396 0.5216 1,472.8 1,417.0 
1975 ............ 0.5931 0.5752 1,598.4 1,523.5 
i eee 0.6307 0.6208 1,782.8 1,699.6 
Pere 0.6728 0.6703 1,990.5 1,935.8 
ee 0.7222 0.7172 2,249.7 2,173.4 
ere 0.7857 0.7790 2,508.2 2,452.2 
a 0.8572 0.8474 2,732.0 2,667.7 
eee 0.9396 0.9321 3,052.6 2,986.2 
CP ccctedeen+s 1.0000 1.0000 3,166.0 3,141.5 
i Fe 1.0386 1.0423 3,405.7 3,322.4 
Ferre 1.0773 1.0819 3,772.2 3,695.7 
1985 ............ 1.1095 1.1153 4,014.9 3,950.9 
1986............ 1.1382 1.1451 4,231.6 4,184.3 
BEN cccccsvececs 1.1743 1.1803 4,515.6 4,428.1 
SR eceacen bene 1.2133 1.2162 4,873.7 4,783.2 
ee 1.2631 1.2674 5,200.8 5,130.9 
eee 1.3161 1.3182 5,465.1 5,405.6 
1991............ 1.3741 1.3766 5,689.4 5,615.8 
0 FPPPrrerre 1.4283 1.4329 6,094.9 5,985.5 


NOTES: Calendar year deflators were taken directly from sources cited below. Fiscal year deflators were 
calculated from quarterly data in the same sources. Data are as of February 4, 1991. 


SOURCES: Science Resources Studies Division, National Science Foundation, unpublished tabulations, 
Bureau of Economic Analysis, Survey of Current Business (Washington, DC: Department of Commerce. 
monthly series); and Office of Management and Budget, unpublished tabulations. 
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Appendix table 4-2. $ 
U.S. R&D expenditures, by performing sector and source of funds: 1960-91 


(page 1 of 2) 
[Performing Federal U&C 
sector] Gov't industry Universities and colleges (U&C) FFRDCs Nonprofit institutions 
[Source Total Federal Federal Federal Non-Fed. U&C Non- Federal Federal Non- 
of funds] U.S. Gov't’ Total Gov't’ _ Industry Total Govt’ Industry gov't own profits Gov't’ Total Gov't? industry profit 

Millions of current dollars ——-—-—_—__ — ——-— ——- — —_————-—____—_—__-—__— 
1960 ........ 13,520 1,723 10,509 6,081 4,428 646 405 40 85 64 52 360 282 166 48 68 
1961 ........ 14,320 1,878 10,908 6,240 4,668 763 500 40 95 70 58 410 361 226 49 86 
1962 ........ 15,392 2,096 11,464 6,435 5,029 904 613 40 106 79 66 470 458 295 54 109 
1963 ........ 17,059 2.279 12,630 7,270 5,360 1,081 760 41 118 89 73 530 539 365 55 119 
1964 ........ 18,854 2,838 13,512 7,720 5,792 1,275 917 40 132 103 83 629 600 433 55 112 | 
1965 ........ 20,044 3,093 14185 7,740 6,445 1,474 1,073 41 143 124 93 629 663 477 62 124 
1966 ........ 21,846 3,220 15548 8332 7216 1,715 1,261 42 156 148 108 630 733 525 70 138 | 
1967 ........ 23,146 3,396 16,385 8,365 8,020 1,921 1,409 48 164 181 119 673 771 552 74 145 | 
1968 ........ 24,605 3,494 17,429 8,560 8,869 2,149 1,572 55 172 218 132 719 814 582 81 151 
1969 ........ 25,629 3,501 18,308 8,451 9,857 2.225 1,600 60 197 223 145 725 870 616 93 161 
1970 ........ 26,134 4.079 18,067 7,779 10,288 2.335 1,647 61 219 243 165 737 916 649 95 172 
1971 ........ 26,676 4228 18320 7,666 10,654 2,500 1,724 70 255 274 177 716 912 630 98 184 
1972 ........ 28,476 4589 19552 8017 11,535 2.630 1,795 74 269 305 187 753 952 653 101 198 
ee 30,718 4,762 21,249 8,145 13,104 2,884 1,985 84 295 318 202 817 1,006 690 105 211 | 
1974 ........ 32,863 4,911 22887 8,220 14,667 3,022 2,032 95 308 368 219 865 1,178 822 115 241 
1975 ........ 35,213 5,354 24,187 8605 15,582 3,409 2,288 113 332 417 259 987 1,276 875 125 276 
1976 ........ 39,018 5.769 26997 9,561 17,436 3,729 2,512 123 364 446 285 1,147 1,376 925 135 316 | 
1977 ........ 42,783 6,012 29,825 10,485 19,340 4,067 2,726 139 374 514 314 1,384 1,495 987 150 358 
1978 ........ 48,128 6,810 33,304 11,189 22,115 4625 3,059 170 414 623 359 1,717 1,672 1,100 165 407 
1979 ........ 54,953 7,418 38,226 12,518 25,708 5.380 3,604 194 476 738 368 1,935 1,994 1,350 180 464 
1980 ........ 62,610 7,632 44,505 14,029 30,476 6,077 4,104 236 496 837 403 2246 2,150 1,450 200 500 
1981 ........ 71,868 8426 51,810 16,382 35,428 6,846 4,565 291 546 1,008 436 2,486 2,300 1,550 225 525 
1982 ........ 80,018 9,141 58,650 18,545 40,105 7,323 4.763 337 616 1,115 492 2,479 2,425 1,650 250 525 
1983 ........ 89,139 10,582 65,268 20,680 44,588 7,877 4,983 388 626 1,303 577 2,737 382,675 1,850 275 550 
1984 ........ 101,139 11,572 74,800 23,396 51,404 8,617 5,423 475 690 1,413 615 3,150 3,000 2.100 325 575 
1985 ........ 113,818 12945 84239 27,196 57,043 9.686 6,056 559 754 1,622 695 3,523 3.425 2,400 375 650 
1986 ........ 119.529 13,535 987,823 27,891 59932 10926 6,702 699 916 1,873 735 3,895 3350 2,250 425 675 
1987 ........ 125.352 13,413 92,155 30,752 61403 12,153 7,333 789 1,024 2,176 831 4206 3,425 2.200 450 775 
1988 ........ 133,741 14,281 97,889 32,306 65583 13,465 8,181 870 381,107 2,367 941 4,531 3,575 2,200 500 875 
1989 ........ 140,486 15,121 101,599 31,366 70233 14,987 8972 984 1,239 2,710 1,083 4,729 4,050 2,500 550 1,000 
1990 (prel.).... 145,450 16,100 104,200 31,200 73,000 16,000 9,250 1,100 1,350 3,100 1.200 4800 4350 2,650 600 1,100 
1991 (est.).... 151,600 16,400 108,450 32,300 76,150 17,200 9,650 1,250 1,500 3,450 1,350 4850 4,700 2,800 650 1,250 


(continued) 


table 4-2. 
U.S. R&D expenditures, by performing sector and source of funds: 1960-91 
(page 2 of 2) 
[Performing Federal U&C 
sector] Gov't Industry Universities and colleges (U&C) FFRDCs Nonprofit institutions 
[Source Total Federal Federal Federal Non-Fed. U&C Non- Federal Federal Non- 
of funds] US. Gov't’ Total Gov't’ Industry Total Govt’ industry govt own profits Govt Total Govt Industry profit 

-—-_ Millions of constant 1982 dollars’ 

1960 ........ 43,639 5.539 33,955 19.648 14,307 2,077 1,302 129 273 206 167 1,157 911 536 155 220 
SE sceeceess 45,777 5.973 34917 19974 14942 2,427 1,590 127 302 223 184 1304 1,156 723 157 275 
1962 ........ 48,171 6.551 35.892 20,147 15,745 2,825 1,916 125 331 247 206 1469 1,434 924 169 341 
1963 ........ 52,583 6.994 38,981 22438 16543 3,318 2,332 126 362 273 224 1,627 1,664 1,127 170 367 
1964 ........ 57,203 8.587 41,032 23.444 17,589 3,858 2,775 121 399 312 251 1,903 1,822 1,315 167 340 
1965 ........ 59,351 9165 41,992 22913 19,079 4,368 3,179 121 424 367 276 1,864 1,963 1,412 184 367 
1966 ........ 62,589 9.269 44474 23,833 20,641 4937 3,630 121 449 426 311 1813 2,097 1,502 200 395 
1967 ........ 64,409 9.453 45.590 23.275 22,315 5.347 3,922 134 457 504 331 1873 2,145 1,536 206 403 
1968 ........ 65,458 9.395 46,194 22688 23,506 5.778 4,227 148 462 586 355 1,933 2,157 1,543 215 400 
1969 ........ 64,668 8.932 46,023 21,244 24,779 5.677 4,082 153 503 569 370 1,850 2,187 1,549 234 405 
eee 62,403 9833 42986 18508 24478 5,629 3,970 147 528 586 398 1.777 2,179 1,544 226 409 
Se oo-6u0<es 60,384 9.684 41,280 17,274 24,006 5.726 3,949 160 584 628 405 1,640 2,055 1,420 221 415 
1972 ........ 61,412 9963 42,056 17,245 24812 5.710 3,897 161 584 662 406 1635 2,048 1,405 217 426 
SE vcenades 62,427 9.849 42893 16,441 26,451 5.965 4,106 174 610 658 418 1,690 2,031 1,393 212 426 
SE cveuwees 61,466 9416 42415 15.234 27,181 5,794 3,896 182 591 706 420 1658 2,183 1,523 213 447 
SE oseneess 59,882 9.308 40,781 14509 26,272 5.926 3,978 196 577 725 450 1.716 2,151 1,475 211 465 
ts senvaeke 62,134 9.293 42805 15.159 27,645 6,007 4,046 198 586 718 459 1848 2.182 1,467 214 501 
ST cceceess 63,653 8.969 44330 15,584 28,746 6,067 4,067 207 558 767 468 2,065 2,222 1,467 223 532 
Se sseeeess 66,768 9495 46,115 15493 30,622 6449 4,265 237 577 869 501 2,394 2,315 1,523 228 564 
a Perr 70,104 9523 48,652 15,932 32,720 6.907 4,627 249 611 947 472 2484 2,538 1,718 229 591 
1980 ........ 73,255 9.006 51,919 16366 35,553 7,171 4,843 278 585 988 476 2.650 2,508 1,692 233 583 
1981 ........ 76,641 9.040 55,140 17,435 37,705 7,345 4,898 312 586 1,081 468 2667 2448 1,650 239 559 
ee 80,018 9,141 58.650 18,545 40,105 7,323 4,763 337 616 1,415 492 2.479 2.425 1.650 250 525 
ME ¢eeeoees 85,753 10,152 62,842 19,911 42,931 7,557 4.781 372 601 1,250 554 2.626 2.576 1.781 265 530 
eee 93,790 10696 69,433 21,717 47,716 7,965 5,012 439 638 1,306 568 2.912 85 1.949 302 534 
ME ecteecces 102,462 11,606 75,925 24,512 51,413 8.684 5,430 501 676 1,454 623 2.159 3 2.163 338 586 
SE ccceeces 104,866 11,820 77,160 24,504 52,655 9542 5,853 610 800 ==1,636 642 3,401 2.9.3 1.977 373 593 
ey vce s04er 106,616 11,364 78,477 26,188 52289 10,296 6,213 668 868 1,844 704 3,563 2: 1.873 383 660 
Mn esteeess 110,166 11,742 80,680 26627 54,053 11,072 6,727 715 910 1,946 774 3.726 2.9 1.813 412 721 
re ee6neeee 111,129 11,931 80,436 24,833 55,604 11,825 7,079 776 978 2,138 854 3,731 3 2 1.979 435 792 
1990 (prel.).... 110470 12,213 79,173 23,706 55,467 12,137 7,017 834 1,024 2,352 910 3,641 5305 2,014 456 836 
1991 (est.).... 110,277 11,914 78924 23,506 55418 12495 7,010 908 1,090 2,506 981 3,523 3,420 2,038 473 910 


NOTES: Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Expenditures for federally tunded research and development centers (FFRDCs) administered 
by industry and nonprofit instutitions are included in the totals of the respective sector. 

‘Total funds used by Federal Government from Federal sources. 

*FFRDCs administered by individual universities and colleges and by university consortia. In 1989. 99 percent of total funds used were from Federal sources 

*See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 

SOURCES: Science Resources Studies Division, National Science Foundation, Nationa! Patterns of R&D Resources: 1990, Final Report, NSF 90-316 (Washington. DC NSF. 1990). and unpublished tabulations 
See figure 4-1 and text table 4-1 and figure O-6 in Overview. Science & Engineering indicators — 1991 
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Appendix table 4-3. 
National expenditures for total R&D, by source of funds and performer: 1970-91 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Other 
Total Government industry & colleges’ nonprofits Government industry &colleges FFRDCs nonprofits 
a enemennemeemen a ~~ Millions of current dollars — 
1970....... 26,134 14,891 10,444 462 337 4.079 18,067 2.335 737 916 
1971....... 26.676 14,964 10,822 529 361 4,228 18,320 2,500 716 912 
1972....... 28,476 15,807 11,710 574 385 4,589 19,552 2,630 753 952 
1973....... 30,718 16,399 13,293 613 413 4,762 21,249 2.884 817 1,006 
1974....... 32,863 16,850 14,877 676 460 4.911 22,887 3,022 865 1,178 
1975....... 35,213 18,109 15.820 749 535 5.354 24,187 3,409 987 1,276 
1976....... 39,018 19,914 17,694 809 601 5.769 26,997 3,729 1,147 1,376 
1977....... 42,783 21,594 19,629 888 672 6,012 29,825 4,067 1,384 1,495 
1978....... 48,128 23,875 22.450 1,037 766 6,810 33,304 4,625 1,717 1,672 
1979....... 54.953 26,825 26,082 1,214 832 7,418 38.226 5,380 1,935 1,994 
1980....... 62.610 29,461 30,912 1,334 903 7,632 44,505 6,077 2,246 2,150 
1981....... 71,868 33,409 35,944 1,554 961 8.426 51,810 6.846 2,486 2.300 
1982....... 80,018 36,578 40,692 1,731 1,017 9,141 58,650 7,323 2.479 2,425 
1983....... 89,139 40.832 45.251 1,929 1,127 10,582 65,268 7,877 2,737 2,675 
1984....... 101,139 45,641 52,204 2,104 1,190 11,572 74,800 8,617 3,150 3,000 
1906....... 113,818 52,120 57,977 2,376 1,345 12,945 84.239 9,686 3,523 3,425 
1986....... 119,529 54,273 61,056 2,790 1,410 13,535 87,823 10,926 3,895 3,350 
ee 125,352 57,904 62,642 3,200 1,606 13,413 92,155 12,153 4,206 3,425 
1988....... 133,741 61,499 66,953 3,473 1,816 14,281 97.889 13,465 4,531 3,575 
1989....... 140,486 62,688 71,767 3,948 2,083 15,121 101,599 14,987 4.729 4.050 
1990 (prel.) 145,450 64,000 74,700 4,450 2,300 16,100 104,200 16,000 4,800 4.350 
1991 (est.) 151,600 66,000 7E 59 4,950 2,600 16,400 108,450 17,200 4,850 4.700 
~eewas a — Millions of constant 1982 dollars’ 

1970....... 62,403 35,632 24.851 1,114 807 9.833 42 986 5.629 1,777 2.179 
1971....... 60.384 33,965 24,387 1,212 820 9.684 41,280 5.726 1,640 2.055 
1972....... 61,412 34,144 25,190 1,246 832 9,963 42,056 5,710 1,635 2,048 
1973....... 62,427 33,478 26,837 1,268 844 9.849 42,893 5,965 1,690 2,031 
1974....... 61,466 31,727 27,577 1,296 867 9,416 42,415 5,794 1,658 2.183 
1975....... 59,882 30,985 26,679 1,302 916 9,308 40,781 5,926 1,716 2.151 
1976....... 62,134 31,813 28,058 1,303 960 9,293 42,805 6,007 1,848 2.182 
1977....... 63,653 32,152 29,176 1,325 1,001 8,969 44,330 6,067 2,065 2,222 
1978....... 66,768 33,171 31,087 1,446 1,064 9,495 46,115 6,449 2,394 2,315 
1979....... 70,104 34,284 33,198 1,558 1,063 9,523 48,652 6,907 2,484 2,538 
1980....... 73,255 34,557 36,065 1,574 1,059 9,006 51,919 7,171 2,650 2.508 
1981....... 76,641 35,690 38,257 1,667 1,027 9,040 55,140 7,345 2.667 2,448 
Fe 80,018 36,578 40,692 1,731 1,017 9,141 58,650 7,323 2,479 2,425 
1983....... 85,753 39,251 43,568 1,851 1,083 10,152 62,842 7,557 2.626 2,576 
1984....... 93,790 42,286 48,456 1,945 1,102 10,696 69,433 7,965 2.912 2,785 
1985....... 102,462 46,870 52,252 2,130 1,209 11,606 75,925 8,684 3,159 3,087 
ic seeees 104,866 47,555 53,639 2,436 1,235 11,820 77,160 9,542 3,401 2,943 
1987....... 106,616 49,201 53,341 2,711 1,364 11,364 78,477 10,296 3,563 2.917 
ee 110,166 50,635 55,181 2,856 1,495 11,742 80,680 11,072 3,726 2,947 
1989....... 111,129 49,553 56,815 3,115 1,646 11,931 80,436 11,825 3,731 3,206 
1990 (prel.) . 110,470 48,591 56,757 3,376 1,746 12,213 79,173 12,137 3,641 3,305 
1991 (est.). . 110,277 47,991 56,799 3,596 1,890 11,914 78,924 12,495 3,523 3,420 


NOTES: Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Expenditures for federally funded research and 


development centers (FFRDCs) administered by industry and nonprofit institutions are included in the totals of the respective sector 
‘Includes state and local government funds to the university and college sector. 


*FF ROCs administered by individual universities and colleges (U&C) and by university consortia 


See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars 
SOURCES: Science Resources Studies Division, National Science Foundation. Nationa! Patterns of R&D Resources. 1990. Final Report, NSF 9C-316 (Washington. 


DC: NSF, 1990); and unpublished tabulations. 


See figure 4-2. 
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Federal Universities Other Federal Universites U&C Other 

Total Government industry’ &colleges’ nonprofits Government industry & colleges FFRDCs’ nonprofits 

————_—_—_————— Millions of current dollars —— an 
ae 3,531 2,471 528 350 182 559 602 1,796 269 305 
sceesees 3,652 2,509 547 400 196 566 590 1,914 260 322 
Ts o¢e~e¢e 3,801 2,605 563 415 218 597 593 2.022 244 345 
a60eeee-s 3,945 2,708 605 408 224 608 631 2,053 296 357 
Pecseces4 4,343 3,017 650 431 245 696 699 2,153 390 405 
ae 4,738 3,269 705 478 286 734 730 2,410 439 425 
1976........ 5,130 3,589 769 475 297 786 819 2,549 512 464 
GE oc cccccs 5,735 4.021 850 527 337 914 911 2,800 600 510 
1978........ 6,692 4,745 964 605 378 1,029 1,035 3,176 867 585 
1979........ 7,570 5,350 1,092 716 412 1,089 1,158 3,628 1,015 680 
1980 ........ 8,432 5,909 1,271 796 456 1,182 1,325 4.041 1,124 760 
1981........ 9,598 6,617 1,589 911 481 1,302 1,614 4,596 1,261 825 
1982........ 10,433 7,098 1,833 1,002 500 1,465 1,904 4,882 1,317 865 
1983........ 11,634 7,769 2,121 1,173 571 1,690 2.223 5,304 1,472 945 
1984........ 12,909 8.489 2,566 1,257 597 1,861 2,608 5,735 1,675 1,030 
1985........ 14,198 9,174 2.885 1,454 685 1,923 2,862 6,559 1,749 1,105 
1986........ 16,590 9,991 4,132 1,739 728 2.019 4,047 7,495 1,859 1,170 
1987........ 17,999 10,867 4,289 2,011 832 2,046 4,323 8,398 2,012 1,220 
1988........ 18,673 11,542 4,110 2,101 920 2,050 4,244 8,827 2.222 1,330 
1989........ 19,885 12,772 3,737 2,335 1,041 2,371 4,000 9.685 2.329 1,500 
1990 (prel.) ... 21,920 13,650 4,530 2,600 1,140 2,600 4,750 10,350 2,500 1,720 
1991 (est.).... 23,500 14,450 4,875 2,900 1,275 2,800 5.050 11,100 2,600 1,950 

- —————————nnnnnemcmmccccmccce= Millions of constant 1982 dollars’ 
ae 8,483 5,946 1,257 844 436 1,347 1,432 4,329 648 726 
1971........ 8,331 5,734 1,234 916 446 1,296 1,329 4,384 595 726 
1972........ 8,233 5,649 1,212 901 472 1,296 1.276 4,390 530 742 
1973... 2200. 8,110 5,583 1,224 844 459 1,258 1,274 4.246 612 721 
1974........ 8,256 5,758 1,208 826 463 1,334 1,295 4,128 748 751 
1975 ........ 8,176 5,662 1,192 831 491 1,276 1,231 4,190 763 717 
1976........ 6,231 5,770 1,221 765 475 1,266 1,299 4,106 825 736 
1977 ........ 8,548 5,996 1,264 786 502 1,364 1,354 4,177 895 758 
1978........ 9,315 6,610 1,336 844 525 1,435 1,433 4,428 1,209 810 
See 9,698 6,861 1,391 919 527 1,398 1,474 4,657 1,303 865 
1980........ 9922 6,963 1,485 939 535 1,395 1,546 4,769 1,326 887 
1981 ........ 10,277 7,092 1,693 977 514 1,397 1,718 4,931 1,353 878 
1982........ 10,433 7,098 1,833 1,002 500 1,465 1,904 4,882 1,317 865 
i sicesenes 11,172 7,457 2,041 1,125 549 1.621 2,140 5,089 1,412 910 
1984........ 11,946 7,851 2,381 1,162 553 1,720 2.421 5,301 1,548 956 
1985........ 12,749 8,231 2,599 1,304 615 1,724 2,580 5,881 1,568 996 
1986........ 14,515 8,732 3,628 1,519 637 1,763 3,556 6,545 1,623 1,028 
1987........ 15,273 9,213 3,650 1,704 706 1,733 3,681 7,115 1,705 1,039 
1988........ 15,365 9,494 3,386 1,728 757 1,686 3,498 7,258 1,827 1,096 
1989........ 15,704 10,082 2,957 1,842 822 1,871 3,167 7,642 1,838 1,188 
1990 (prel.) ... 16,636 10,357 3,441 1,972 865 1,972 3,609 7,851 1,896 1,307 
1991 (est.).... 17,081 10,500 3,547 2,107 927 2,034 3,675 8,064 1,889 1,419 


NOTES: Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Expenditures for federally funded research and 
development centers (FFRDCs) administered by industry and nonprofit institutions are included in the totals of the respective sector 


‘imputation procedure fo. industry funding of industry basic research changed for 1986 and later years. These data may not be comparable to data for 1985 and 
earler years. 

“Includes state and local government funds to the university and college sector 

*FFROCs administered by individual universities and colleges (U&C) and by university consortia 

“See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division, National Science Foundation. Nationa! Patterns of R&D Resources 1990. Final Report, NSF 90-316 (Washington. 
DC: NSF, 1990); and unpublished tabulations. 


See figures 4-2 and 4-3 and figure O-4 in Overview Science & Engineering indicators — 1991 
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Appendix table 4-5. 
National expenditures for applied research, by source of funds and performer: 1970-91 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Cther 
Total Government Industry’ &colleges’ nonprofits Government Industry &colleges FFRDCs’ nonprofits 
' : : Millions oi current dollars 
Fa 5,738 3,097 2,427 99 115 1,345 3,427 427 216 323 
Pip ccesseva 5,759 3,028 2,494 115 122 1,322 3,415 474 210 338 
1972......... 6,011 3,131 2,615 140 125 1,387 3,514 524 221 365 
1973......... 6,598 3,395 2,891 172 140 1,480 3,825 713 227 353 
1974......... 7,189 3,495 3,332 203 159 1,574 4,288 736 178 413 
1975......... 7,812 3,889 3,517 224 182 1,730 4.570 851 213 448 
1976......... 8,983 4,471 4,003 282 227 2,093 5.112 1,016 264 498 
1977......... 9,651 4,692 4,410 303 246 2,044 5,636 1,067 371 533 
1978......... 10,725 5,110 4,981 354 280 2,191 6,300 1,213 431 590 
1979......... 12,272 5.768 5,796 413 295 2,392 7,225 1.477 468 710 
1980......... 13,860 6,408 6,693 445 314 2,484 8,450 1,698 503 725 
Mh «scveces 16,605 7,198 8,534 534 339 2,732 10,699 1,865 529 780 
1982......... 18,510 7,973 9,566 608 363 2,729 12,323 2,037 606 815 
1983......... 20,694 9,181 10,506 621 386 3,020 13,927 2.146 726 875 
Pi cscesene 22,851 9,927 11,809 700 415 2,903 15,765 2.459 804 920 
1006......... 25,831 11,408 13,216 756 451 3,133 18,255 2.673 835 935 
1986......... 27,566 10,808 15,436 856 466 3,141 19,760 2.911 774 980 
1987......... 28,096 11,059 15,541 965 531 3,392 19,813 3,168 693 1,030 
1988......... 29,875 11,470 16,651 1,129 625 3,288 20,757 3,993 697 1,140 
1989......... 33,300 12,453 18,784 1,337 726 3,611 23,086 4.581 722 1,300 
1990 (prel.).... 33,895 12,675 18,870 1,530 820 3,800 23,050 4.845 750 1,450 
1991 (est.) .... 35,390 13,100 19,655 1,700 935 4,100 23,900 5.220 700 1.470 
om eee Millions of constant 1982 dollars* 

1970......... 13,714 7,426 5,775 239 275 3,242 8,154 1,029 521 768 
ee 13,051 6,891 5,620 263 277 3,028 7,695 1,086 481 762 
i ccteeves 12,972 6,773 5,625 304 270 3,011 7,559 1,138 480 785 
i cceteeee 13,439 6,961 5,837 356 285 3,061 7,721 1,475 469 713 
ere 13,482 6,617 6,177 389 299 3,018 7,947 1,411 341 765 
rer 13,318 6,686 5,932 389 311 3,007 7,705 1,479 370 755 
cc eeveee 14,328 7,163 6,348 454 363 3,371 8,105 1,637 425 790 
Freee 14,364 6,991 6,555 452 366 3,049 8,377 1,592 553 792 
eee 14,888 7,107 6,898 494 389 3,055 8,723 1,691 601 817 
1979......... 15,667 7,382 7,378 530 377 3,071 9,196 1,896 601 904 
1980......... 16,232 7,530 7,809 525 368 2,931 9,858 2,004 594 846 
i cceseees 17,717 7,698 9,083 573 362 2,931 11,387 2,001 568 830 
1982......... 18,510 7,973 9,566 608 363 2,729 12,323 2,037 606 815 
ee 19,905 8,823 10,115 596 371 2,897 13,409 2,059 697 842 
esse ese4 21,187 9,194 10,961 647 384 2,683 14,634 2,273 743 854 
Se 23,250 10,256 11,911 678 405 2,809 16,453 2,397 749 843 
mn 646698 0 24,183 9,466 13,561 748 408 2,743 17,361 2,542 676 861 
i oc¢nee 64 23,894 9,392 13,233 818 451 2,874 16,872 2,684 587 877 
MK ccsseces 24,607 9,441 13,723 928 515 2,704 17,108 3,283 573 940 
Pe 26,340 9,841 14,870 1,055 574 2,849 18,277 3,614 570 1,029 
1990 (prel.).... 25,742 9,622 14,337 1,161 623 2,883 17,514 3,675 569 1,102 
1991 (est.) .... 25,742 9,524 14,303 1,235 680 2,978 17,393 3,792 509 1,070 


NOTES: Data are based on annual reports by performers except for the nonprofit sector, for which data are estimated. Since 1978 the applied research/development 
split for the academic sector has been estimated. Expenditures for federally funded research and development centers (FFRDCs) administered by industry and 
nonprofit institutions are included in the totals of the respective sector. 


‘imputation procedure for industry funding of industry applied research changed for 1986 and later years. These data may not be comparable to data for 1985 and 


earlier years. 


"Includes state and loca! government funds to the university and college sector. 
*FFRDCs administered by individual universities and colleges (U&C) and by university consortia. 


“See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, Nationa! Patterns of R&D Resources: 1990, Final Report, NSF 90-316 (Washington 


DC: NSF, 1990): and unpublished tabulations. 


See figures 4-2 and 4-3 and figure O -4 in Overview. 
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Appendix table 4-6. 
National expenditures for development, by source of funds and performer: 1970-91 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Other 
Total Government industry’ &colleges’ nonprofits Government Industry & colleges FFRDCs’ nonprofits 
SR Millions of current dollars 
1970......... 16,865 9,323 7,489 13 40 2,175 14,038 112 252 288 
1971......... 17,265 9.427 7,781 14 43 2,340 14,315 112 246 252 
er 18,664 10,071 8,532 19 42 2,605 15.445 84 288 242 
1973......... 20,175 10,296 9,797 33 49 2,674 16,793 118 294 296 
1974......... 21,331 10.338 10,895 42 56 2.641 17,900 133 297 360 
1975......... 22,663 10,951 11,598 47 67 2,890 18,887 148 335 403 
1976......... 24,905 11,854 12,922 52 77 2.890 21,066 164 371 414 
1977......... 27,397 12,881 14.369 58 89 3,054 23,278 200 413 452 
1978......... 30,711 14.020 16,505 78 108 3,590 25,969 236 419 497 
1979......... 35,111 15,707 19,194 85 125 3.937 29.843 275 452 604 
1980......... 40,318 17,144 22,948 93 133 3,966 34,730 338 619 665 
1981......... 45,665 19,594 25,821 109 141 4,392 39,497 385 696 695 
ME, ceceevces 51,075 21,507 29,293 121 154 4,947 44.423 404 556 745 
1983......... 56,811 23,882 32,624 135 170 5,872 49,118 427 539 855 
1984......... 65,379 27,225 37,829 147 178 6,808 56,427 423 671 1,050 
1985......... 73,789 31,538 41.876 166 209 7,889 63,122 454 939 1,385 
1986......... 75,373 33,474 41,488 195 216 8,375 64,016 520 1,262 1,200 
1987......... 79,257 35,978 42,812 224 243 7,975 68,019 587 1,501 1,175 
1988......... 85,193 38,487 46,192 243 271 8,943 72,888 645 1,612 1,105 
1989......... 87,301 37,463 49,246 276 316 9,139 74,513 721 1,678 1,250 
1990 (prel.).... 89,635 37,675 51,300 320 340 9,700 76,400 805 1.550 1,180 
1991 (est.) .... 92,710 38,450 53,520 350 390 9,500 79,500 880 1,550 1,280 
LC ~ Millions of constant 1982 dollars* 

1970......... 40,206 22,260 17,818 31 95 5,243 33,400 270 607 685 
1971......... 39,003 21,341 17,533 32 97 5.359 32.256 257 563 568 
1972......... 40,206 21,722 18,352 41 90 5.656 33,222 182 625 521 
1973......... 40,878 20,934 19,776 68 99 5,531 33,898 244 608 597 
1974......... 39,728 19,351 20,191 81 105 5,064 33,173 255 569 667 
1975......... 38,388 18,637 19,555 82 114 5,024 31,845 257 582 679 
1976......... 39,574 18,880 20,489 84 122 4,655 33,401 264 598 656 
are 40,741 19,165 21,357 87 132 4,556 34,599 298 616 672 
Mi avceeees 42,565 19,453 22,854 109 150 5,006 35,958 329 584 688 
Ph ccewsees 44,739 20,041 24,429 109 159 5,054 37,983 353 580 769 
1980......... 47,101 20,065 26,771 110 156 4,680 40,516 399 730 776 
ae 48,648 20,899 27,481 117 150 4,712 42.036 413 747 740 
i cceeee oe 51,075 21,507 29,293 121 154 4,947 44.42% 404 556 745 
1983......... 54.676 22,972 31,411 130 164 5.634 47,293 410 517 823 
1984......... 60,657 25,241 35,115 136 165 6,293 52,378 391 620 975 
1985......... 66,463 28,383 37,743 149 188 7,073 56,892 407 842 1,248 
1986......... 66,167 29,357 36,450 170 190 7,314 56,243 454 1,102 1,054 
1987......... 67,449 30,595 36,457 190 207 6,757 57,923 497 1,272 1,001 
1988......... 70,194 31,700 38,071 200 223 7,353 60.074 530 1,325 911 
1989......... 69,085 29,630 38,988 218 250 7,211 58,992 569 1,324 990 
1990 (prel.).... 68,092 28,612 38,979 243 258 7,358 58,050 611 1,176 897 
1991 (est.) .... 67,454 27,967 38,949 254 284 6,901 57,856 639 1,126 932 


NOTES: Data are based on annual reports by performers except for the nonprofit sector. for which data are estimated. Since 1978, the applied research/development 
split for the academic sector has been estimated. Expenditures for federally funded research and development centers (FFRDCs) administered by industry and 
nonprofit institutions are included in the totals of the respective sector. 


imputation procedure for industry funding of industry development changed for 1986 and later years. These data may not be comparable to data for 1985 and earlier 


years. 


‘Includes state and local government funds to the university and college sector 


‘FFRDCs administered by individual universities and colleges (U&C) and by university consortia 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division, National Science Foundation. National Patterns of R&D Resources: 1990. Final Report, NSF 90-316 \Washington 


DC: NSF, 1990): and unpublished tabulations 
See figures 4-2 and 4-3 and figure 0-4 in Overview 
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Appendix table 4-7. 


industrial R&D, by character of work, industry classification, and source of funds: 1989 


Total Basic Applied Development Not distributed 
Industry Total Federal Other Total Federal Other Total Federal Other Total Federal Other Total Federal Other 
Millions of current dollars 
Estimatedtotal...................... 101.599 31,366 70,233 4.000 1,095 2.905 23,086 4.825 18.261 74,513 25.446 49.067 0 0 0 
Reportedtotal.......-.- 101,599 31,366 70,233 2.992 837 2.155 17,356 3.665 13,691 55.555 17.948 37,607 25.696 8.916 16,780 
Food, kindred, and tobacco products... .. D D 1,283 19 0 19 D D 368 D D 622 274 0 274 
Textiles and apparel.................. D D S D D D S 0 S D D S 54 0 54 
Lumber, wood products, and furniture... _ . 170 0 170 D 0 D 39 0 39 68 0 68 46 0 46 
Paper and allied products.............. 683 0 683 29 0 29 121 0 121 323 0 323 210 0 210 
Chemicals and allied products........... 11,537 87 11,450 534 8 526 3.350 S 3,333 4.118 57 4.061 3,535 5 3,530 
industrial chemicals ............... 4.056 84 3,972 227 8 219 D D 1,095 1.516 57 1,460 1,203 4 1,198 
Drugs and medicines .............. D D 5.206 S 0 S D D 1,378 D D 1,629 1,926 1 1,925 
Other chemicals.................. D D 2.271 33 0 33 D D 860 D D 972 406 0 406 
Petroleum refining and extraction _. . - 2,066 S 2,050 D D 72 673 1 672 653 3 650 667 11 656 
Rubber products .................... D D 679 17 0 17 D D 81 D D 191 390 0 390 
Stone, clay, and glass products........ D D 861 D D 170 D D 394 D D 245 52 0 52 
ten 9 5 65 069 eo cee’ 768 34 734 S 0 S D D 199 341 20 321 147 0 147 
Fabricated metal products ..... . 788 135 653 23 0 23 D D 109 376 75 301 267 47 220 
ee D D 13,216 D D S D D 2,722 D D S 1,579 80 1,499 
Office, computing. & acctg machines .. . D D 10,533 D D S D D 2,220 D D S 1,079 0 1,079 
Other machinery, except electrical... . 2,789 106 2,683 50 0 50 509 7 502 1,730 19 1,711 500 80 420 
Electrical equipment.................. 16,768 5,222 11,546 378 10 368 2.894 568 2.326 10,001 3,442 6,559 3,495 1.202 2,293 
Radio and TV receiving equipment... . . 85 0 85 Ss 0 S D 0 D D 0 D 51 0 51 
Communication equipment 10,508 4.666 5,842 D D D 1,161 D D 7,341 3.158 4.183 1,742 1.055 687 
Electronic components............. 4.884 522 4.362 D D 39 D D 1.387 D D 1,720 1,350 134 1,216 
Other electrical equipment.......... 1,292 35 1,257 D 0 D 215 0 215 D D D 355 14 341 
Transportation equipment. . . . 36.863 21.763 15,100 478 336 142 3,129 1 668 1461 22.475 12.665 9810 10,781 7.094 3687 
Motor vehicles and other 
transportation equipment... . . - 11,209 2.129 9,080 65 0 65 685 92 593 6.775 1.185 5.590 3.684 852 2832 
Aircraft and missiles............... 25.654 19.634 6.020 413 336 77 2.444 1.576 868 15.700 11.480 4.220 7.097 6.242 855 
Professional and scientific instruments. . . . 5,763 125 5.638 D D 196 688 21 667 D D 1.991 2.798 14 2.784 
Other manufacturing industries ....... D D 402 28 0 28 D D 51 D D 249 74 0 74 
Nonmanufacturing industries... .. . 8,273 2,716 5,557 720 466 254 1,881 768 1,113 4.348 1.022 3,326 1.324 460 B64 


D = withheld to avoid disclosing operations of individual companies 


S = withheld because of imputation of more than 50 percent 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations. 
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Appendix table 4-8. 

Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980-91 

(page 1 of 4) 

Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991(est.) 
Total research & development 


Total, all agencies............... 


29,830 33,104 36,433 38,712 4 


~— Millions of current dollars 


2,225 48,360 51,412 55,255 56.935 61,406 64,896 64.261 


Dept. of Agriculture.............. 688 774 797 848 866 943 929 948 1,017 1,038 1.112 1,224 
Dept. of Commerce.............. 343 ©6328 336 335 358 399 399 402 389 398 434 527 
Dept. of Defense................ 13,981 16,509 20.623 22,993 25.373 29.792 32,938 35,232 35.415 37.577 38,694 35,188 
Dept. of Education .............. 139 105 128 112 116 125 121 133 141 159 161 204 
Dept. of Energy................. 4.754 4918 4708 4537 4674 4966 4688 4.757 5036 5,193 5545 6,057 
Dept. of Health & Human Services.... 3,780 3,927 3,941 4353 4831 5451 5658 6609 7.158 7,903 8474 9,336 

National Institutes of Health ..... 3,182 3,333 3.433 3.789 4,257 4828 5005 5853 6291 6.778 7.137 7,714 
Dept. of Housing & Urban Develop... . 56 48 29 32 18 19 15 16 18 18 18 30 
Dept. of the interior.............. 411 427 381 383 411 392 385 404 417 469 511 586 
Dept. of Labor.................. 138 62 25 20 16 13 10 22 36 35 27 29 
Dept. of Transportation ........... 361 416 310 348 448 429 386 324 304 303 366 414 
Environmental Protection Agency... . 345 326 335 241 261 320 317 348 347 380 420 425 
National Aeronautics & Space Admin... 3,234 3,593 3,078 2,662 2.822 3,327 3420 3,787 4,330 5,393 6535 7.435 
National Science Foundation....... 882 962 975 1,062 1,203 1,346 1353 1,471 1,533 1,670 1,669 1,828 
All other..jencies......... seeeee 719 710 766 789 = 828 839 793 804 794 870 930 978 

Basic research 

Total, all agencies............... 4.674 5041 5482 6260 7,067 7,819 8153 8944 9474 10.602 11,277 12.382 
Dept. of Agriculture.............. 276 314 331 362 393 445 433 445 481 485 518 563 
Dept. of Commerce.............. 16 16 17 19 21 23 27 26 31 29 31 31 
Dept. of Defense................ 540 604 687 786 848 861 924 908 877 948 948 1.022 
Dept. of Education .............. 18 21 14 14 12 15 5 3 4 4 5 7 
Dept. of Energy................. 523 586 642 768 830 943 960 1,068 1.185 1,411 1,501 1,741 
Dept. of Health & Human Services.... 1,763 1900 2,145 2475 2815 3.233 3339 3,830 4,081 4,388 4660 5.101 

National Institutes of Health ..... 1,642 1,767 2,021 2,313 2,625 3,018 3,119 3,577 3,795 4,053 4,251 4634 
Dept. of Housing & Urban Develop... . 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the Interior.............. 72 81 77 103 126 138 133 135 126 189 207 231 
Dept. of Labor.................. 4 4 7 5 5 3 1 1 1 1 6 6 
Dept. of Transportation........... 0 1 1 1 4 1 1 0 0 0 0 0 
Environmental Protection Agency... . 14 11 33 22 30 39 39 31 27 51 74 97 
National Aeronautics & Space Admin . . 559 531 536 617 755 751 917 1,014 1,113 1,417 1,637 1,730 
National Science Foundation....... 815 897 916 999 1,132 1,262 1275 1,371 ‘*.433 1,563 1,570 1,719 
All other agencies............... 76 76 78 89 98 105 102 113 115 116 120 135 

Applied research 

Total, allagencies............... 6.923 7,172 7,541 7,993 7,911 8315 8349 8999 9,176 10,163 10,427 11,563 
Dept. of Agriculture.............. 382 427 436 456 442 466 464 473 505 517 542 #4606 
Dept. of Commerce.............. 239 233 259 266 276 301 313 313 311 322 366 8 433 
Dept. of Defense................ 1,721 1997 2266 2,437 2,201 2307 2303 2440 2,362 2,708 2590 2,662 
Dept. of Education .............. 70 33 56 62 69 77 91 104 107 118 120 150 
Dept. of Energy................. 754 827 1,054 1,193 1,195 1,198 1,081 1,029 1,051 1,021 1,048 1.220 
Dept. of Health & Human Services . . . 1,570 1,592 1,461 1,545 1,652 1,796 1851 2,195 2416 2,700 2,901 3,218 

National Institutes of Health ..... 1,145 1,182 1,104 1,165 1,286 1410 1469 1,740 1886 2,008 2,112 2,264 
Dept. of Housing & Urban Develop... . 20 17 10 11 6 7 5 6 6 6 7 11 
Dept. of the interior.............. 283 289 275 255 254 231 235 247 266 253 270 = 315 
Dept. ofLabor.................. 33 55 11 13 11 9 9 19 26 22 17 18 
Dept. of Transportation ........... 82 87 66 72 74 70 68 68 91 120 119 146 
Environmental Protection Agency... . 232 208 211 152 142 176 179 246 241 223 242 246 
National Aeronautics & Space Admin... 1,051 876 871 928 955 1,033 1,152 1,256 1,219 1,461 1,424 1,734 
National Science Foundation........ 58 59 57 63 71 84 78 99 100 108 99 109 
All other agencies............... 429 472 508 541 564 560 520 503 475 584 682 £695 


(comtin ued) 
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Appendix table 4-8. 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980-91 
(page 2 of 4) 
Agency 1980. 1981 1982 1983 1984 1985 1986 1987 1988 1989 19901991(est.) 
Development 
me ~— Millions of current dollars 

Total, allagencies............... 18,233 20,891 23.410 24,458 27,246 32,226 34,910 37,313 38,285 40.640 43,192 40.316 
Dept. of Agriculture.............. 30 33 31 30 31 32 32 29 31 36 52 55 
Dept. of Commerce.............. 88 79 60 50 62 75 60 64 47 47 37 62 
Dept. of Defense................ 11,719 13,908 17,670 19,770 22,324 26,623 29,711 31,884 32.176 33,921 35,155 31,504 
Dept. of Education .............. 52 51 58 36 35 33 26 26 30 37 37 47 
Dept. of Energy................. 3,476 3,505 3,012 2576 2649 2825 2648 2659 2801 2,761 2,996 3,096 
Dept. of Health & Human Services ... . 447 435 335 332 365 423 468 584 661 814 913 1,018 

National Institutes of Health ..... 394 385 309 311 347 400 418 536 610 717 773 ~=«817 
Dept. of Housing & Urban Develop... . 36 31 19 21 12 12 10 11 12 12 12 19 
Dept. of the interior.............. 57 57 30 25 31 22 17 22 24 27 34 40 
Dept. of Labor.................. 102 4 8 2 0 1 1 1 g 13 4 5 
Dept. of Transportation........... 279 327 243 275 371 358 317 256 213 182 247 269 
Environmental Protection Agency... . 100 107 92 66 89 106 100 71 80 107 104 83 
National Aeronautics & Space Admin... 1,624 2,186 1,671 1,117 1,113 1544 1351 1518 1,999 2515 3,474 3,971 
National Science Foundation... .... 8 6 2 0 0 0 0 0 0 0 0 0 
All other agencies............... 214 162 180 159 166 173 170 188 202 168 128 148 

R&D plant 

Total, allagencies............... 1,556 1,486 1,390 1,298 1,787 1,821 1539 1846 2,057 2,967 2,385 3,398 
Dept. of Agriculture.............. 57 21 21 34 39 41 79 112 135 124 96 =151 
Dept. of Commerce.............. 5 1 1 1 9 4 9 5 11 16 15 19 
Dept. of Defense................ 208 278 291 313 529 531 286 477 436 615 518 509 
Dept. of Education .............. 0 0 0 0 0 1 7 21 5 9 9 7 
Dept. of Energy................. 1,024 978 914 758 852 868 742 772 915 1043 1,015 1,233 
Dept. of Health & Human Services ... . 31 24 25 48 31 42 38 37 20 131 87 245 

National Institutes of Health ..... 29 22 19 18 28 29 29 35 19 130 84 233 
Dept. of Housing & Urban Develop... . 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the interior.............. 8 3 1 2 5 4 4 12 9 12 11 15 
Dept. ofLabor.................. 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation........... 23 19 12 22 17 ie) 12 11 14 19 22 21 
Environmental Protection Agency... . 0 0 0 0 0 0 0 0 0 0 0 13 
National Aeronautics & Space Admin . . 159 116 114 101 244 234 275 309 428 853 526 949 
National Science Foundation....... 19 15 2 3 45 74 53 61 57 119 64 206 
All other agencies............... 23 31 10 17 14 13 33 28 32 26 24 30 

R&D and R&D pliant 

Total, allagencies............... 31,386 34,590 37,822 40,010 44,012 50,180 52,951 57,101 58,992 64,373 67,281 67,659 
Dept. of Agriculture.............. 745 795 819 881 905 984 1,008 1,060 1,152 1,162 1,208 1,376 
Dept. of Commerce.............. 347 329 337 336 368 403 40S 407 400 414 449 546 
Dept. of Defense................ 14,189 16,786 20,913 23,305 25,902 30,322 33,224 35,709 55,851 38,192 39.212 35,698 
Dept. of Education .............. 139 105 128 112 116 126 128 154 141 168 170 211 
Dept. of Energy................. 5.778 5,896 5622 5,294 5526 5834 5431 5529 5951 6236 6,560 7,289 
Dept. of Health & Human Services.... 3,811 3,951 3,965 4400 4862 5493 5696 6645 7.178 8,034 8,561 9.581 

National Institutes of Health ..... 3,211 3,356 3,453 3,807 4,285 4857 5035 5889 “310 6908 7,221 7,947 
Dept. of Housing & Urban Develop... . 56 48 29 32 18 19 15 16 18 18 18 30 
Dept. of the interior.............. 419 431 382 385 416 396 390 416 426 481 522 600 
Dept. of Labor.................. 138 62 25 20 16 13 10 22 36 35 27 29 
Dept. of Transportation........... 385 434 322 370 465 438 398 336 318 322 387 435 
Environmental Protection Agency... . 345 326 335 241 261 320 317 348 347 380 420 439 
National Aeronautics & Space Admin... 3,393 3,709 3,192 2,763 3,066 3,562 3,695 4,097 4,758 6,246 7,060 8,384 
National Science Foundation....... 901 976 977 1,065 1,248 1419 1407 1,532 1,590 1,789 1,733 2,034 
All other agencies............... 741 741 775 805 842 851 825 832 826 896 954 1,008 
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Appendix table 4-8. 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980-91 
(page 3 of 4) 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 19901991(est.) 
Total research & development 
— ———— - Millions of constant 1982 dollars’ 

Total, allagencies............... 35,202 35,517 36.433 37,140 39,028 43.359 44898 46813 46,815 48.450 47.143 46,682 
Dept. of Agriculture.............. 811 830 797 813 801 845 811 803 836 819 808 889 
Dept. of Commerce.............. 404 352 336 321 331 358 349 341 320 314 315 383 
Dept. of Defense................ 16,499 17,712 20,623 22,059 23.452 26.711 28,764 29.849 29.120 29,649 28.109 25.562 
Dept. of Education .............. 165 113 128 107 107 112 106 112 116 125 117 148 
Dept. of Energy................. 5.610 5277 4,708 4,352 4320 4452 4094 4030 4,141 4,097 4,028 4,400 
Dept. of Health & Human Services.... 4,461 4,213 3,941 4,176 4465 4,887 4941 5599 5886 6.236 6,156 6,782 

National Institutes of Health ..... 3,755 3,576 3,433 3,635 3935 4328 4371 4959 5173 5348 5.185 5604 
Dept. of Housing & Urban Develop... . 66 52 29 31 17 17 13 14 15 14 13 22 
Dept. of the Interior.............. 485 458 381 367 380 351 336 342 343 370 371 426 
Dept. ofLabor.................. 163 67 25 19 15 12 9 18 30 28 20 21 
Dept. of Transportation ........... 426 446 310 334 414 385 337 275 250 239 266 301 
Environmental Protection Agency... . 407 349 335 231 241 287 277 295 285 300 305 309 
National Aeronautics & Space Admin.. 3,816 3,855 3,078 2,554 2608 2983 2986 3,208 3,560 4,255 4,747 5.401 
National Science Foundation....... 1,041 1,032 975 1,019 1,112 1,206 1,182 1,246 1,261 1,318 1,213 1,328 
All other agencies............... 848 762 766 757 = 765 752 692 681 653 686 676 710 

Basic research 

Total, allagencies............... 5.516 5409 5482 6,006 6532 7,010 7,120 7,578 7,790 8,365 8554 8995 
Dept. of Agriculture.............. 325 337 331 347 3= 363 399 378 377 396 383 393 409 
Dept. of Commerce.............. 19 17 17 18 19 21 23 22 25 23 24 23 
Dept. of Defense................ 638 648 687 754 784 772 807 769 721 748 719 743 
Dept. of Education .............. 21 22 14 14 11 13 4 3 3 3 3 5 
Dept. of Energy................. 617 629 642 737 = 768 845 838 905 974 1,113 1,138 1,264 
Dept. of Health & Human Services.... 2,080 2,039 2,145 2375 2,601 2898 2916 3,244 3,356 3,462 3535 3.705 

National Institutes of Health ..... 1,938 1,896 2,021 2,219 2426 2,706 2,723 3,031 3,120 3,198 3,225 3.366 
Dept. of Housing & Urban Develop... . 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the Interior.............. 84 87 77 99 116 124 116 114 104 149 157 #168 
Dept. ofLabor.................. 5 4 7 5 5 3 1 1 1 1 5 4 
Dept. of Transportation........... 0 1 1 1 3 1 1 0 0 0 0 0 
Environmental Protection Agency... . 16 11 33 21 27 35 34 26 22 40 56 70 
National Aeronautics & Space Admin . . 660 570 536 592 697 673 801 859 915 1,118 1,242 1,256 
National Science Foundation....... 962 962 916 959 1,047 1,131 1,114 1,162 1,178 1,233 1,191 1,249 
All other agencies............... 89 81 78 85 91 94 89 95 95 92 91 98 

Applied research 

Total, allagencies............... 8.170 7,694 7,541 7,669 7,312 7.455 7,291 7,624 7,545 8.019 7,910 8.400 
Dept. of Agriculture.............. 451 458 436 437 409 417 405 401 415 408 411 441 
Dept. of Commerce.............. 281 250 259 255 255 270 273 265 256 254 278 315 
Dept. of Defense................ 2,031 2.142 2266 2,338 2,034 2,068 2,011 2,067 1,942 2.137 1,965 1.934 
Dept. of Education .............. 83 36 56 59 63 69 80 88 88 93 91 109 
Dept. of Energy................. 890 888 1,054 1,145 1,104 1,074 944 872 864 806 795 886 
Dept. of Health & Human Services... 1,853 1,708 1,461 1,483 1,526 1,610 1616 1859 1,987 2,130 2,201 2.337 

National Institutes of Health ..... 1.351 1,268 1,104 1,118 1,188 1,264 1,283 1,474 1,551 1,584 1,602 1,645 
Dept. of Housing & Urban Develop... . 23 18 10 11 6 6 5 5 5 5 5 8 
Dept. of the Interior............. 334 310 275 244 38235 207 205 210 219 200 205 229 
Dept. of Labor.................. 38 58 11 12 10 8 8 16 21 17 13 13 
Dept. of Transportation ........... 97 94 66 69 69 63 59 58 75 95 90 106 
Environmental Protection Agency... . 273 223 211 146 132 158 157 208 198 176 183 179 
National Aeronautics & Space Admin.. 1,240 940 871 890 882 926 1,006 1,064 1,002 1,153 1,080 1,260 
National Science Foundation....... 69 63 57 60 65 75 68 84 82 85 75 79 
All other agencies............. 507 506 508 519 521 502 454 426 391 461 518 505 
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Appendix table 4-8. 
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-91 
(page 4 of 4) 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991(est.) 
Development 
_ ——-—-—— Millions of constant 1982 dollars’ 

Total, allagencies................ 21,516 22.414 23.410 23,465 25.183 28.894 30.487 31.612 31.480 32,065 32.765 29.288 
Dept. of Agriculture............... 36 35 31 29 29 29 28 25 25 28 39 40 
Dept. of Commerce............... 104 84 60 48 57 67 52 54 39 37 28 45 
Dept. of Defense................. 13,829 14.922 17,670 18,967 20.634 23,870 25.946 27.013 26,457 26,764 26.668 22.886 
Dept. of Education ............... 61 55 58 34 32 30 22 22 25 29 28 34 
Dept. of Energy.................. 4.102 3,760 3,012 2471 2448 2533 2312 2,253 2303 2.178 2.273 2,249 
Dept. of Health & Human Services . . . . 528 467 335 318 337 379 409 495 544 642 692 740 

National Institutes of Health ..... . 465 413 309 298 3=- 321 358 365 454 502 566 586 594 
Dept. of Housing & Urban Develop... . 43 34 19 20 1 11 9 9 10 g g 14 
Dept. of the interior............... 67 61 30 24 28 20 15 18 20 21 26 29 
Dept. of Labor................... 120 4 - 2 0 1 1 1 7 10 3 3 
Dept. of Transportation ............ 329. 351 243 264 343 = = 321 277 217 175 144 187 195 
Environmental Protection Agency... . . 118 3§=6115 92 63 82 95 87 60 66 84 79 60 
National Aeronautics & Space Admin... 1,917 2345 1,671 1,071 1,028 1384 1.180 1,286 1644 1984 2635 2,885 
National Science Foundation....... . 10 7 2 0 0 0 0 0 0 0 0 0 
All other agencies................ 253 174 180 153 153 155 149 160 166 133 97 107 

R&D plant 

Total, allagencies................ 1.836 1594 1390 1245 1652 1633 1344 1,564 1,691 2341 1809 2.468 
Dept. of Agriculture............... 67 22 21 32 36 36 69 95 111 98 73.2110 
Dept. of Commerce............... 5 1 1 1 3 4 8 4 i) 13 11 14 
Dept. of Defense................. 246 298 291 300 489 476 250 404 358 485 393 370 
Dept. of Education ............... 0 0 0 0 0 1 6 18 4 7 7 5 
Dept. of Energy.................. 1,208 1,050 914 727 788 779 648 654 752 823. 770 #£895 
Dept. of Health & Human Services... . 36 25 25 46 29 38 33 31 16 103 66 178 

National Institutes of Health ...... 35 24 19 17 26 26 26 30 16 103 64 169 
Dept. of Housing & Urban Develop... . 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of the interior............... 9 4 1 2 5 4 4 10 8 9 9 11 
Dept. ofLabor................... 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation . sees 27 20 12 21 16 8 11 4 11 15 17 15 
Environmental Protection Agency . -eaes 0 0 0 0 0 0 0 0 0 0 0 10 
National Aeronautics & Space Admin . . 188 124 114 97 226 210 240 262 352 £673 «#4399 #690 
National Science Foundation........ 22 16 2 3 42 66 46 52 47 94 48 150 
All other agencies................ 27 34 10 16 13 11 29 24 26 21 18 22 

R&D and R&D piant 

Total, all agencies................ 37,038 37,111 37,822 38,385 40,680 44,992 46242 48,377 48,506 50,791 51,038 49,150 
Dept. of Agriculture............... 879 853 819 846 837 882 880 898 947 917 917 999 
Dept. of Commerce............... 410 353 337 322 340 361 357 345 329 327 340 397 
Dept. of Defense................. 16,744 18,010 20,913 22,359 23,941 27.187 29.014 30.253 29.478 30,134 29,745 25,932 
Dept. of Education ............... 165 113 128 107 107 113 112 130 116 133 «129 153 
Dept. of Energy.................. 6.818 6326 5622 5,079 5,108 5231 4,742 4685 4893 4920 4976 5295 
Dept. of Health & Human Services.... 4,497 4,239 3,965 4,222 4494 4925 4974 5630 5902 6339 6494 6960 

National institutes of Health . .. 93,789 3,600 3,453 3,652 3,961 4354 4397 4989 5188 5450 5478 5.773 
Dept. of —— Develop. - 66 52 29 31 17 17 13 14 15 14 14 22 
Dept. of the interior . - sas 494 462 382 369 385 355 340 352 3863351 380 396 436 
Dept. ofLabor................... 163 67 25 19 15 12 9 18 30 2821 21 
Dept. of Transportation ............ 454 466 322 355 430 393 347 284 261 254 294 316 
Environmental Protection Agency... . . 407 349 335 231 241 287 277 295 285 300 318 319 
National Aeronautics & Space Admin... 4,004 3,979 3,192 2651 2834 3,193 3,227 3471 3,912 4,928 5356 6.090 
National Science Foundation........ 1,063 1,047 977 1,022 1,154 1272 1228 1,298 1,307 1,412 1,315 1,478 
Allother agencies................ 875 795 775 773 779 763 721 705 679 707 723'—s 732 


NOTE: Data for 1990 and 1991 are from the Administration's 1992 budget proposal: they differ from the figures in appendix tables 4-9 through 4-13 
‘See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division, National Science Foundation (NSF), Federal Funds for Research and Development, Detailed Historical Tables 
Fiscal Years 1955-1990 (Washington DC: NSF, 1990); NSF, unpublished tabulations: and Office of Management ard Budget. unpublished tabulations 


See figures 4-4 and 4-5 and figure O-5 in Overview. Science & Engineering indicators — 1991 
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Appendix table 4-9. 
Federal obligations to intramural performers for total R&D and basic research, by selected agency: FYs 1980-91 


Dept. National National —_—Nattional Dept. Dept. Dept. _— Dept. All 


All of institutes Aero& Space Science of of of of other 
agencies Defense of Health Admin. Foundation Agriculture Energy Commerce interior agencies 
Total research and development 
Millions of current dollars 
1980 ......... 7,632 3,796 587 965 75 457 474 226 242 810 
Ec eteeee ee 8,426 4.281 639 1,044 106 511 451 237 274 883 
1982 ......... 9,141 5,139 709 1,166 118 531 176 242 261 799 
1983 ......... 10,582 6,401 769 1,134 131 559 258 252 274 804 
1984 ......... 11,572 7,257 830 1,043 136 589 216 256 334 911 
1985 ......... 12,945 8,324 874 1,171 143 628 224 280 342 959 
1986 ......... 13,535 8,881 358 1,217 130 630 206 285 332 896 
1987 ......... 13,413 8,336 1,000 1,414 143 649 248 320 355 948 
1988 ......... 14,281 9,046 1,092 1,335 162 694 245 316 353 1,038 
1989 ......... 15,121 9,296 1,171 1,733 166 689 248 325 394 1,099 
1990 (est.) ..... 16,094 9.467 1,339 2,052 175 736 362 336 425 1,202 
1991 (est.) ..... 16,396 8,988 1,402 2.573 187 776 427 349 435 1,259 
Basic research 
1980 ......... 1,182 199 320 225 68 180 6 13 62 109 
SD cavexeans 1,302 226 335 216 99 202 6 15 69 134 
1982 ......... 1,466 246 405 251 112 219 7 16 65 145 
PE ceswvesees 1,690 276 449 305 126 239 18 18 84 175 
1984 ......... 1,861 303 479 345 130 274 11 19 110 190 
1985 ......... 1,961 301 543 318 138 296 21 21 117 206 
1986 ......... 2,018 308 579 363 126 293 25 23 111 189 
1987 ......... 2,046 283 568 379 138 302 35 22 119 199 
1988 ........ 2,050 263 592 343 154 322 33 27 108 208 
1989 ........ 2,371 292 695 454 157 324 49 25 159 208 
1990 (est.) ..... 2,573 284 794 503 165 345 49 26 168 216 
1991 (est.) ..... 2,782 310 851 559 176 365 46 29 174 239 


NOTE: intramural activities cover costs associated with the planning and administration of intramural and extramural R&D programs by Federal personne! as well as 
actual intramural R&D performance 

SOURCES. Science Resources Studies Division (SRS). Natic nal Science Foundation, Federal Funds for Research and Development. Detailed Historical Tables 
Fiscal Years 1955-1990 (Washington. OC: NSF, 1990): and SRS. Federal Funds for Research and Development: Fiscal Years 1989, 1990. and 1991, NSF 90-327 
Final (Washington, DC: NSF, 1991) 
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Appendix tabie 4-10. 
Estimated Federal obligations for R&D, by selected agency, performer, and character of work: FY 1991 


FFRDCs Univers. FFRDCs Other FFRDCs State & 


Federal admin.by and admin.by non- admin. by local 
Agency Total intramural industry industry colleges U&C profits nonprofits gov't Foreign 
Total research & development 
—_—___— — Millions of current dollars 
Total, allagencies ............... 66.107 16396 31,512 2.062 9,191 3,654 2,302 482 184 325 
Dept. of Agriculture............... 1,158 776 6 0 364 0 6 0 2 3 
Dept. of Defense ................ 36,918 8.988 25,353 287 + @1,069 624 110 313 1 172 
Dept. of Energy ................. 6,006 428 964 1,710 429 2,164 165 142 1 4 
Dept. of Health & Human Services... . 8,888 1,879 398 19 4,946 33 = «11,428 11 115 59 
Nat'l Aeronautics & Space Admin... . . 8,322 2,573 4,263 0 533 701 230 3 5 12 
National Science Foundation........ 1,983 187 90 1 1,478 111 115 0 2 0 
All other agencies................ 2,837 1,565 437 45 372 21 248 14 58 75 
Basic research 
Total, allagencies ............... 12,255 2,782 1,043 194 5,721 1,267 1,077 68 51 52 
Dept. of Agriculture............... 547 365 : 0 176 7 3 0 1 2 
Dept. of Defense ................ 972 310 88 4 529 8 24 : 0 12 
Dept. of Energy ................. 1,677 46 42 180 307 899 141 61 . 1 
Dept. of Health & Human Services... . . 4,940 989 201 10 2,892 21 744 4 46 33 
Nat'l Aeronautics & Space Admin... . . 1,803 559 593 0 367 227 50 2 1 4 
National Science Foundation........ 1,853 176 76 1 1,382 111 106 . 2 0 
All other agencies................ 463 337 43 2 68 1 4 1 1 . 
Applied research | 
Total, allagencies ............... 10,965 4.084 2,384 311 2,635 596 720 70 74 90 
Dept. of Agriculture............... 570 373 6 0 186 0 3 0 1 1 
Dept. of Defense ................ 2,497 1,027 1,079 24 260 49 38 g 1 i) 
Dept. of Energy ................. 1,064 175 118 239 109 363 18 42 1 1 
Dept. of Health & Human Services. .. . 3,037 713 153 6 1,621 9 463 6 45 21 
Nat'l Aeronautics & Space Admin... .. 1,970 831 811 0 109 157 56 . 1 3 
National Science Foundation........ 130 11 14 , 96 : 9 0 . 0 
All otheragencies................ 1,697 954 203 42 254 18 133 13 25 55 
Development 

Total, allagencies ............... 42,888 9,530 28,084 1,557 835 1,791 505 345 59 183 
Dept. of Agriculture............... 41 38 0 0 2 0 , 0 : . 
Dept. of Defense ................ 33,449 7,651 24,186 262 280 567 48 304 * 151 
Dept. of Energy . a 3,265 207 804 1,291 13 902 6 39 . 2 
Dept. of Health & Human Services. -a 911 177 44 3 433 3 221 1 24 5 
Nat'l Aeronautics & Space Admin. ... . 4,549 1,183 2,859 0 57 317 124 1 3 5 
National Science Foundation. ....... 0 0 0 0 0 0 0 0 0 0 
All other agencies................ 637 274 191 1 50 2 106 0 32 20 
* = less than $500,000 


NOTES: These figures reflect funding levels as reported by Federal agencies in March through October 1990. They differ from the figures in appendix table 4-8. which 
reflect subsequent Congressional appropriation actions through January 1991. FFRDCs = federally funded research and development centers. U&C = universities 
and colleges. 

SOURCE: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development. Fiscal Years 1989. 1990. and 1991. 
NSF 90-327 Final (Washington, DC: NSF, 1991) 

See text table 4-2. Science & Engineering Indicators - 1991 
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Appendix table 4-11. 

Federal obligations for R&D, by character of work and performer: FYs 1980-91 

(page 1 of 2) 

1990 1991 
Performer 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 
ema Millions of current dollars 

TOTAL RESEARCH AND DEVELOPMENT ...... 29,830 33,104 36,433 38,712 42.225 48,360 51,412 55,255 56,935 61,405 62.320 66,107 
Federal intramural’...................... 7,632 8.426 9,141 10,582 11,572 12,945 13,535 13,413 14,281 15,121 16.094 16.396 
industrial firms excluding FFRDCs........... 12,969 14.868 17,192 17,148 18,753 21,969 24,509 26,752 26.719 28,548 28,854 31,512 
FFRDCs administered by industry........... 1,408 1.414 1,506 1,501 1,608 1,791 1,697 1,860 1,911 1,960 2,054 2,062 
Universities and colleges excluding FFRDCs.... 4,263 4,466 4,606 4,966 5,565 6,358 6,579 7,354 7,828 8,672 8,748 9,191 
FFRDCs administered by universities/colleges.... 1,533 1,791 1,977 2,266 2,325 2,535 2.440 3,210 3,474 3,497 3,410 3,654 
Nonprofit institutions excluding FFRDCs ...... 1,106 1,069 1,092 1,242 1,497 1,699 1,676 1,711 1,683 1,999 2,184 2,302 
FFRDCs administered by nonprofit institutions .. . 442 525 521 581 597 689 553 511 506 521 445 482 
State and local governments............... 266 222 184 186 131 129 128 148 142 168 175 184 
Cd 6G 00664060660 6h ess ec eues 211 323 214 240 176 245 296 298 392 919 357 325 

Basic research... .. (eeeeeeeesyaneneweeess 4,674 5,041 5,482 6,260 7,067 7.819 8.153 8,944 9,623 10,602 11,348 12.255 
Federal intramural’...................... 1,183 1,302 1,466 1,690 1,861 1,923 2,019 2.046 2,173 2,371 2.573 2,782 
industrial firms excluding FFRDCs........... 325 293 271 306 394 408 545 467 583 773 959 1,043 
FFRDCs administered by industry........... 70 73 87 83 91 123 118 120 135 167 176 194 
Universities and colleges excluding FFRDCs.... 2,320 2,503 2,727 3,112 3,531 4,039 4,132 4,566 4,927 5,221 5,377 5.721 
FFRDCs administered by universities/colleges . . . 437 491 517 591 653 696 691 907 1,009 1,098 1,146 1,267 
Nonprofit institutions excluding FFRDCs ...... 280 313 356 410 474 556 572 658 713 839 963 1,077 
FFRDCs administered by nonprofit institutions . . . 8 9 9 8 8 12 13 13 14 42 55 68 
State and local governments............... 24 27 25 32 28 31 31 38 40 44 48 51 
EVE eS ec cecccenenerecsioeeses 28 31 25 29 28 31 33 30 30 47 50 52 

ED 6. 9 66.0.6:60.06 000 6¢6000c06s os 6,923 7,172 7,541 7,993 7.911 8.315 8.349 8,999 9,241 10,163 10.335 10.965 
Federal intramural’..................00005. 2,484 2,732 2,729 3,020 2,904 3.133 3.142 3,392 3,452 3,611 3,765 4.084 
Industrial firms excluding FFRDCs........... 1,752 1,665 1,886 1,847 1,792 1.751 1.835 1,982 1,975 2.102 2.203 2.384 
FFRDCs administered by industry............ 241 278 400 440 405 363 365 314 314 353 343 311 
Universities and colleges excluding FFRDCs .... 1,379 1,417 1,318 1,356 1,499 1,688 1.751 1.975 2,124 2.572 2,496 2.635 
FFRDCs administered by universities/colleges . . . 414 450 540 621 635 641 502 564 593 605 587 596 
Nonprofit institutions excluding FFRDCs ...... 399 392 388 427 449 489 490 550 57 681 722 720 
FFRDCs administered by nonprofit institutions . . . 64 59 95 77 79 85 76 77 71 67 66 70 
State and local governments................ 127 103 101 105 60 59 60 53 53 7 79 74 
EPPS TETPTTT TTT rrr Terre 63 75 83 101 89 107 130 94 83 95 75 30 

EDs podcceesccnsoeceneedesensees 18,233 20,891 23,410 24,458 27,246 32,226 34,910 37,313 39,648 40,640 40637 42.888 
Federal intramural’..............0.0.000055. 3,966 4,392 4,947 5,872 6,808 7,889 8,375 7,975 8.889 9,139 9,756 9,530 
industrial firms excluding FFRDCs............ 10,892 12,910 15,036 14,995 16,567 19,810 22,129 24,303 25.676 25,673 25,692 28,084 
FFRDCs administered by industry............ 1,097 1,063 1,019 979 1,112 1,305 1,215 1,426 1,439 1,440 1,534 1,557 
Universities and colleges excluding FFRDCs .... 564 546 560 499 535 631 696 713 720 879 875 835 
FFRDCs administered by universities/ tok 682 850 920 1,054 1,037 1,198 1,247 1,739 1,770 1,794 1,677 1,791 
Nonprofit institutions excluding FFRDCs ...... 427 364 348 405 575 654 614 503 512 479 498 505 
FFRDCs administered by nonprofit institutions . . . 370 458 416 496 510 592 463 421 430 412 323 345 
State and local governments................ 115 93 58 49 43 40 37 58 55 46 48 59 
ate sncku hed anececenesesseesese 120 218 106 110 59 107 134 173 159 777 233 183 

(continued) 
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Appendix table 4-11. 

Federal obligations for R&D, by character of work and performer: FYs 1980-91 

(page 2 of 2) 

1990 1991 

Performer 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est) (est.) 

Ml OF CONStaNt 1982 dollars’ 

TOTAL RESEARCH AND DEVELOPMENT ....... 35,202 35,517 36,433 37,140 39.028 43,359 44.898 46,813 46.815 48,450 47.275 48,023 
Federal intramural’....................... 9,007 9,040 9,141 10,152 10,696 11,607 11,820 11,364 11,742 11,931 12.209 11,911 
industrial firms excluding FFRDCs............ 15.304 15,952 17,192 16,451 17,333 19,697 21,403 22,665 21.970 22,525 21,888 22.892 
FFRDCs administered by industry............ 1,662 1,517 1,506 1,440 1,487 1,606 1,482 1,576 1,571 1,546 1,558 1,498 
Universities and colleges excluding FFRDCs . 5,031 4,791 4,606 4,765 5,144 5,700 5.746 6.236 6,437 6,842 6.636 6.677 
FFRDCs administered by universities/colleges . on 1,809 1,922 1,977 2,174 2,149 2,273 2,131 2.719 2,856 2,759 2,587 2.654 
Nonprofit institutions excluding FFRDCs ....... 1,305 1,147 1,092 1,191 1,384 1,523 1,463 1,449 1,384 1,577 1,657 1,672 
FFRDCs administered by nonprofit institutions . . . 521 563 521 558 552 618 482 433 416 411 338 350 
State and local governments................ 313 238 184 178 121 116 112 126 117 133 133 134 
De cen cegeesecesessesecesacess 249 347 214 230 162 219 259 252 322 725 271 236 

ED 8 on gg un et ohees beeseees nee 5,516 5,409 5,482 6,006 6,532 7,010 7,120 7,578 7,912 8,365 8.608 8,903 
Federal intramural’....................544. 1,395 1,397 1,466 1,621 1,720 1,725 1,763 1,734 1,787 1,871 1,952 2,021 
industrial firms excluding FFRDCs............ 384 314 271 293 364 366 476 396 479 610 727 758 
FFRDCs administered by industry............ 83 79 87 80 84 110 103 102 111 132 134 141 
Universities and colleges excluding FFRDCs .... 2,738 2,686 2,727 > 986 3,263 3,621 3,609 3,953 4,051 4,119 4.079 4,156 
FFRDCs administered by universities/colleges . . . 515 526 517 567 603 624 604 768 829 866 869 920 
Nonprofit institutions excluding FFRDCs ....... 330 336 356 393 438 498 500 557 586 662 731 782 
FFRDCs administered by nonprofit institutions . . . a 9 g 8 8 11 11 11 11 33 42 49 
State and local governments................ 28 28 25 31 26 27 27 32 33 35 36 37 
DEC rechéeendecescecvsesseessees 33 33 25 27 26 28 29 26 25 37 38 38 

Applied research ... 0... eee 8,170 7,694 7,541 7,669 7,312 7,455 7,291 7,624 7,599 8,019 7,840 7,965 
Federal intramural’ . peneeeseee 2,931 2,932 2,729 2,898 2,684 2.809 2.743 2.873 2.839 2.849 2,856 2.967 
industrial firms excluding FFRDCs. . peceeneeenen 2,068 1,787 1,886 1,772 1,656 1.570 1,602 1,679 1,624 1.658 1.671 1,732 
FFRDCs administered by industry............ 284 298 400 422 375 326 318 266 258 279 260 226 
Universities and colleges excluding FFRDCs.... _— 1,627 1,520 1,318 1,301 1,385 1.513 1,529 1673 1,747 2,029 1.893 1.914 
FFRDCs administered by universities/colieges . . . 489 483 540 595 587 574 438 478 487 477 445 433 
Nonprofit institutions excluding FFRDCs ....... 471 421 388 410 415 439 428 466 474 537 548 523 
FFRDCs administered by nonprofit institutions . . . 76 63 95 74 73 76 66 65 58 53 50 51 
State and local governments................ 150 110 101 100 55 53 52 45 44 62 60 54 
NE 6456654650004 00 004000066600 74 80 83 97 82 96 113 80 68 75 57 65 

Development 21,516 22,414 23,410 23,465 25.183 28,894 30,487 31,612 32.601 32,065 30,827 31.156 
Federal intramural’................060555. 4,630 4,712 4,947 5,633 6,292 7,074 7,313 6,757 7.309 7.211 7,401 6.923 
industrial firms excluding FFRDCs............ 12,853 13,851 15,036 14,386 15,313 17,761 19,325 20,590 21.112 20,256 19.490 20,401 
FFRDCs administered by industry............ 1,295 1,140 1,019 939 1,028 1,170 1,061 1,208 1,183 1,136 1,164 1,131 
Universities and colleges excluding FFRDCs .... 666 585 560 478 495 566 608 604 592 694 664 607 
FFRDCs administered by universities/colleges . . . 805 912 920 1,011 959 1,074 1,089 1,473 1,455 1,415 1,272 1,301 
Nonprofit institutions excluding FFRDCs ....... 504 390 348 388 531 586 536 426 421 378 378 367 
FFRDCs administered by nonprofit institutions . . . 437 491 416 476 471 531 405 357 353 325 245 251 
State and local governments................ 135 100 58 47 40 36 33 49 45 36 36 43 
, . SPP rrereeerreereerrerere 142 233 106 105 55 96 117 147 131 613 177 133 


NOTE: FFRDCs = Federally tunded research and development centers. 


‘Federal intramurai activities cover costs associated with administering intramural and extramural programs by Federal personne! and actual intramural performance 
"See appendix table 4-1 for GNP implicit price defiators used to Convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development. Detailed Historical Tables Fiscal Years 1955 1990 (Wastwngton. DC NSF. 1990) and 
= Az) Science & Engineering indicators - 1991 


SRS, Federal Funds for Research and Development: Fiscal Years 1989, 1990, and 1991, NSF 90-327 Final (Washington, DC NSF. 1991) 
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Appendix table 4-12. 
Federal obligations for basic research, by science and engineering field: FYs 1980-91 


(page 1 of 3) 
1990 1991 
Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 
Millions of current dollars 
Total,alifields ..... =. ssssdiwdsdsdsadsad#a#an 4674 5.041 5 482 6,260 7.067 7.819 8.153 8.944 9474 10.602 11.348 12.255 
Life sciences ..................... 2.054 2.224 2.526 2.891 3.288 3.787 3,859 4,364 4 502 4916 5.203 5.589 
Biological & agricultural, total... _ . 1,340 1,462 1.675 1,929 2.175 2.516 2.543 2.870 2.856 3,102 3.291 3.5465 
Biological (exci. environmental) . . 1,100 1,202 1,401 1,622 1,836 2.106 2.152 2.462 2.415 2.647 2.804 3,040 
Environmental biology... . . - 86 83 83 93 121 126 126 141 147 157 168 178 
Agricultural... ........ 02.22... 154 177 190 214 218 284 266 268 294 298 319 347 
Medical sciences, total ........_.. 657 706 793 879 1,015 1,145 1,197 1.343 1.573 1,708 1,801 1,906 
Other life sciences............... 58 55 58 84 98 126 119 151 73 104 111 119 
Psychology ...................... 84 91 90 93 108 133 133 147 188 187 202 221 
Physical sciences. ................. 1,221 1,325 1.394 1,587 1.728 1.815 1.914 2.096 2,200 2.506 2.697 2.966 
Astronomy .................... 279 274 271 365 380 401 453 505 459 525 556 577 
Chemistry..................... 257 298 312 362 403 425 433 445 471 505 532 545 
Physics....................... 668 735 791 855 921 960 1,003 1,072 1.206 1.395 1,520 1,699 
Other physical sciences....._.. 16 17 20 15 24 ac 25 74 65 82 87 146 
Environmental sciences ............. 522 533 520 580 657 700 49 781 873 1,017 1,184 1.328 
Atmospheric science............. 179 174 163 173 192 209 2tn 244 281 316 399 496 
Geological .................... 198 194 178 178 198 250 266 266 267 335 371 383 
Oceanography ................. 131 143 155 196 220 219 224 250 269 294 317 373 
Other environmental sciences ..._.. 14 22 25 34 46 21 19 21 55 72 98 7 
Mathematics & computer sciences... .. . 116 140 165 208 241 260 293 306 313 346 356 379 
Mathematics................... 67 79 91 101 114 130 142 158 165 168 171 186 
Computer sciences.............. 46 52 67 90 105 116 131 129 125 160 161 173 
Other math & computer sciences . . 3 9 7 17 22 14 20 20 22 18 24 20 
Social sciences ......... ce eek 147 137 120 138 133 141 114 130 147 155 188 189 
Anthropology ................ 14 13 13 11 17 16 11 12 12 12 13 14 
Economics .................. 40 34 39 41 30 34 26 29 35 38 46 44 
Political science................. 7 6 4 5 4 6 4 6 5 5 6 6 
Sociology..................0.. 25 23 19 33 34 32 30 34 37 38 54 81 
Other social sciences............. 60 61 45 48 48 52 42 48 58 61 69 43 
Other sciences.................... 64 65 56 73 69 100 122 131 255 292 319 328 
(continued) 
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Appendix table 4-12. Nd 
Federal obligations for basic research, by science and engineering field: FYs 1980-91 a 
(page 2 of 3) 
1990 1991 
Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 
Millions of current dollars 
Engineering...................... 465 526 611 690 845 884 969 990 1,006 1,184 1,199 1,253 
Aeronautical.................... 104 113 127 141 226 192 226 237 231 328 337 299 
Astronautical............ ...... 27 33 45 50 52 42 53 49 48 59 64 87 
Chemtiogd ... 1... 0.2 c ee ee eee 26 31 35 50 56 74 73 78 89 50 58 64 
hs 6 5.4.6.5 6044 Key Oder EeEN 22 23 32 32 42 44 45 46 46 52 50 55 
a 71 79 94 96 130 145 156 175 154 174 165 180 
Mechanical.................... 42 47 53 61 64 88 84 87 84 101 100 109 
Metallurgy & materiais............ 121 139 156 183 187 212 229 210 230 255 266 300 
ee ee 52 61 69 76 88 88 103 108 124 166 158 159 
Millions of constant 1982 dollars’ 

Total, alifields .................. 5,516 5,409 5,482 6,006 6,532 7,010 7,120 7,578 7,790 8.365 8,608 8,903 
Life sciences ..................... 2,424 2,386 2,526 2,774 3,039 3,395 3,370 3,697 3,702 3,879 3,947 4,060 
Biological & agricultural, total. ...... 1,581 1,569 1,675 1,850 2,010 2,255 2.221 2,432 2,348 2,447 2,496 2,590 
Biological (excl. environmental)... 1,298 1,289 1,401 1,556 1,697 1,888 1.879 2,085 1,986 2,089 2,127 2.208 
Environmental biology.......... 102 89 83 89 112 113 110 119 121 124 127 129 
Agricultural.................. 181 190 190 206 202 254 232 227 242 235 242 252 
Medical sciences, total............ 775 758 793 843 938 1,027 1,045 1,138 1,293 1,348 1,366 1,385 
Other life sciences............... 68 59 58 80 90 113 104 128 60 82 84 86 
Psychology.................... 99 98 90 89 100 119 116 125 155 148 153 161 
Physical sciences.................. 1,440 1,421 1,394 1,523 1,597 1,628 1.672 1.776 1.809 1.977 2.046 2.155 
Astronomy .................65.. 330 294 271 340 351 359 396 427 377 414 422 419 
Chemistry.................2..0.. 303 320 312 347 373 381 378 377 387 398 404 396 
Physics ...............55-005- 789 789 791 820 852 861 876 908 992 1.101 1.153 1.234 
Other physical sciences........... 19 18 20 15 22 7 22 63 53 65 66 106 
Environmental sciences ............. 616 572 520 557 607 627 654 662 "18 B02 898 965 
Atmospheric science............. 211 186 163 166 178 188 210 207 231 249 303 361 
SEED 66.606 4-0600464.5 5.0004 234 208 178 171 183 224 232 226 220 264 281 278 
Oceanography ................. 154 154 155 188 203 197 196 212 221 232 240 271 
Other environmental sciences ...... 17 23 25 32 43 19 17 18 45 57 74 56 

_ 

oS 

Mathematics & computer sciences... .. . 137 151 165 200 223 233 256 260 257 273 270 275 8 

Mathematics................... 79 85 91 97 105 117 124 134 136 133 130 135 a 

Computer sciences.............. 55 56 67 87 97 104 115 109 103 126 122 126 > 

Other math & computer sciences ... . 4 10 7 16 21 12 17 17 18 14 18 15 > 

se] 
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Appendix table 4-12. 


Federal obligations for basic research, by science and engineering field: FYs 1980-91 


(page 3 of 3) 
1990 1991 
Science and engineering fieid 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 

Millions of constant 1982 dollars 

Social sciences .................. 174 147 120 132 123 126 99 110 121 122 143 137 
Anthropology ....... .......... 17 14 13 11 16 14 10 10 10 2 10 10 
Economics .................... 47 37 39 39 27 31 23 25 29 30 35 32 
Political science ............. os 2 7 4 4 4 5 4 5 4 4 5 4 
Sociology ...................--. 30 24 19 31 31 29 26 29 30 30 41 59 
Other social sciences.......... - 71 65 45 46 44 47 37 41 48 48 52 31 
Other sciences............... cous 75 70 56 70 64 89 107 111 210 230 242 238 
Engineering ...............-2-2-:- 549 564 611 662 781 793 846 838 827 934 910 910 
Aeronautical .................... 123 122 127 135 208 172 198 201 190 259 256 217 
Astronautical. .............2..... 32 36 45 48 48 37 46 41 39 47 49 63 
Chemical............. ere 31 34 35 48 51 67 64 66 73 39 44 46 
eee 26 25 32 31 39 39 39 39 38 41 38 40 
Electrical.........2...0.00220.... 83 84 94 92 121 130 136 149 127 137 125 131 
Mechanical................. as 50 51 53 58 59 79 73 74 69 80 76 79 
Metallurgy & materials ............. 143 149 156 175 173 190 200 178 189 201 202 218 
Other .............. -aeeceacen 61 65 69 73 81 79 90 91 102 131 120 116 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current doliars to constant 1982 dollars 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development. Detailed Historica! Tables: Fiscal Years 1955-1990 (Washington, DC: NSF, 1990): and 
SRS, Federal Funds for Research and Development: Fiscal Years 1989. 1990, and 1991. NSF 90-327 Final (Washington. DC: NSF. 1991) 


See figure 4-6. 
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Appendix table 4-13. 
Federal obligations for applied research, by science and engineering field: FYs 1980-91 


(page 1 of 3) 


Science and engineering field 


1987 


1989 


1990 
(est.) 


1991 
(est.) 


Total, all fields 


Life sciences .....................2... 
Biological & agricultural, total 
Biological (excl. environmental) 
Environmental biology 
Agricultural 
Medical sciences, total 
Other life sciences 


see 


Physical sciences 


Astronomy 


Environmental sciences 
Atmospheric science 


Geological 


Oceanography .. 
Other environmental sciences 


Mathematics & Computer sciences 
Mathematics 
Computer sciences 
Other math & computer sciences 


Social sciences 
Anthropology 
Economics .. 
Political science 
Sociology ....... 
Other social sciences 


Other sciences 


1985 1986 
Millions of current dollars 
8.315 8.349 
2,576 2.606 
1.240 1.318 
779 842 
135 138 
326 338 
223 1.164 
113 123 
194 201 
1,231 1,155 
14 15 
225 229 
856 803 
135 108 
704 733 
277 281 
179 178 
179 205 
69 68 
315 322 
53 42 
164 171 
97 109 
319 302 
2 2 
125 105 
9 8 
34 37 
149 150 


8,999 


2,980 
1,488 
1,041 
149 
299 
1,324 
168 


222 


1,157 
18 
235 
781 
122 


731 
309 
176 
78 
68 


10,163 


3,579 
1,917 
1,336 
210 
371 
1,514 
148 


235 


1,199 
17 
278 
795 
108 


756 
272 
208 
198 

78 


350 


10.335 


3,710 
1,982 
1.444 
187 
352 
1,572 
156 


246 


10,965 


3,818 
2.060 
1.480 
192 
387 
1.600 
158 


288 


1,225 
23 


316 


(continued) 
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Appendix table 4-13. w 

Federal obligations for applied research, by science and engineering field: FYs 1980-91 z 

(page 2 of 3) ¢ 

Ro 

1990 =: 1991 4 

Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) ; 

Millions of Current dollars g 

EL, cece eet ieeeneweridnvesens 2.365 2.545 2.776 2.828 2.779 2.733 2.770 2.917 2.950 3,258 3.162 3.431 & 

Aeronautical....................... 604 596 615 680 635 547 549 573 571 659 727 777 = 

Astronautical.................. a 275 271 246 271 344 383 474 576 527 619 548 716 9 

a 70 116 60 95 89 180 175 138 169 92 95 98 S 

SR cha yeneyeseee ue adycs teen ws 137 136 170 156 161 173 158 159 169 178 185 195 ry 

Electrical....................---.-..-. 447 478 519 519 500 482 518 611 577 669 535 536 = 

Mechanical........................ 166 157 148 206 126 179 153 146 157 157 163 179 = 
Metallurgy & materials................ 115 118 153 150 154 227 217 152 227 266 254 299 
BE coo 0500054 h cereus kd caseeweses 552 673 866 751 770 563 529 562 553 619 656 631 

Millions «, Constant 1982 dollars 
Total, alifields ...................... 8,170 7,694 7,541 7.669 7,312 7,455 7,291 7,624 7,545 8.019 7.840 7,965 
Life sciences ..................-..04.. 2.523 2,373 2,220 2,194 2,171 2.310 2.275 2.525 2.650 2.824 2.814 2.774 
Biological & agricultural, total........... 1,378 1,340 1,137 1,089 1,063 1.112 1,151 1,261 1.413 1,513 1,504 1,496 
Biological (excl. environmental) ...... . 862 853 678 656 672 699 735 882 1,042 1,054 1.095 1,075 
Environmental biology.............. 169 147 100 97 119 121 121 126 127 166 142 139 
Agricultural... ..............000.. 347 341 359 337 272 292 295 253 244 293 267 281 
Medical sciences, total................ 1,038 970 980 1,006 1.014 1,097 1,016 1,122 1,125 1,195 1,192 1,162 
Other life sciences................... 106 63 103 98 93 101 108 142 113 117 118 115 
en eer ee 135 126 129 142 147 174 176 188 174 185 187 209 
Physical sciences..................004. 920 961 1,107 1,251 1,147 1.104 1,008 980 919 946 909 890 
Astronomy .............. <theuaes 7 7 5 3 2 13 13 15 10 13 19 17 
Chemistry... 2.0.0.0 06 ee 233 202 169 152 188 202 200 199 191 219 233 209 
ee ee ee ee ee ee 607 655 820 959 846 768 01 662 633 627 582 567 
Other physical sciences........... _ 73 96 113 138 111 121 94 104 85 85 "f 97 
Environmental sciences ................. 872 631 628 644 572 631 640 619 604 596 698 39 
Atmospheric science ................ 272 214 263 276 224 248 245 262 252 215 257 30: 
DEE gba 0ce bes reek eeee dees - 240 217 180 149 149 160 156 149 143 164 167 158 
Oceanography .................005. 155 127 107 142 133 161 179 150 157 156 159 153 
Other environmental sciences........... 205 73 79 77 67 62 59 58 51 6: 115 129 
Mathematics & computer sciences.......... 147 149 185 203 184 282 281 283 271 308 277 300 
Mathematics.................. been 28 41 37 31 34 48 37 39 43 54 49 50 
Computer sciences ............... - 97 74 104 119 101 147 149 143 137 162 135 155 
Other math & computer sciences ........ 21 33 44 52 49 87 95 101 90 92 93 95 
(continued) 
8 
Si) 
- wa 
34 


Appendix tabie 4-13. 
Federal obligations for applied research, by science and engineering field: FYs 1980-91 


(page 3 of 3) 
1990 1991 
Science and engineering field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 
Millions of constant 1982 dollars 

Social sciences ......................-. 444 387 266 285 281 286 264 297 279 312 328 332 
Anthropology....................... 3 2 2 2 2 2 2 2 2 2 2 1 
Economics ...................-.... 180 185 118 120 109 112 92 101 103 102 102 104 
Political science..................... 6 5 3 6 6 8 7 5 6 6 5 4 
ee 54 45 33 34 34 30 32 34 37 44 52 53 
Other social sciences................. 201 150 110 125 131 134 131 155 132 159 168 169 

Other sciences....................... 337 336 231 237 242 217 228 260 223 276 228 230 

ER ood be See cede eens eecenaes 2,791 2,731 2,776 2,713 2.569 2,451 2,419 2.471 2,426 2.571 2.399 2.492 
Aeronautical....................... 713 640 615 652 587 490 480 485 470 520 551 564 
Astronautical....................... 325 291 246 260 318 344 414 488 433 488 416 520 
Chemical ......................... 83 125 60 91 82 161 151 117 139 73 72 71 
er a ere 161 146 170 150 149 155 138 134 139 140 140 142 
re 527 513 519 498 462 432 452 518 474 528 406 389 
Mechanical........................ 196 169 148 197 117 160 134 124 129 124 124 130 
Metaliurgy & materiails................ 135 126 153 144 142 204 189 129 187 210 193 217 
tn oche tage bo 43.0:6084064008% 651 722 866 721 712 505 462 476 455 488 498 458 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division (SRS). National Science Foundation, Federai Funds for Research and Development. Detailed Historical Tables: Fiscal Years 1955-1990 (Washington. DC: NSF. 1990). and 
SRS. Federal Funds tor Research and Development: Fiscal Years 1989, 1990, and 1991, NSF 90-327. Final (Washington. OC: NSF. 1991) 


See figure 4-6. Science & Engineering indicators - 1991 
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Science & Engineering indicators — 1991 


Appendix table 4-14. 

Smaili Business Innovation Research (SBIR) awards, by award type and selected agency: FYs 1983-89 

Award type and agency 1983 1984 1985 1986 1987 1988 1989 

Millions of current dollars 

SED cece cece uu eves veceece .. 4 108 199 298 351 389 432 

By type 
Phase lawards.............. .. 4 48 69 99 110 102 108 
Phase liawards ............ se 0 60 130 199 241 285 322 

By agency 
Dept. of Agriculture... ... 1 2 3 4 4 4 4 
Dept. of Commerce . 0 0 0 1 2 1 1 
Dept. of Defense... _ . 20 45 78 151 194 208 233 
Dept. of Education... ... - ' 1 1 2 2 2 2 
Dept. of Energy... . . 5 16 26 29 28 30 33 
Dept. of Health & Human Services Te 7 23 45 57 67 73 79 
Dept. of the interior... . . . 1 0 0 0 0 
Dept. of Transportation ... 2 3 4 3 3 4 
Environmental Protection Agency . 1 2 3 3 3 3 
Nat'l Aeronautics & Space Admin 5 13 29 36 32 47 52 
National Science Foundation 5 7 10 15 17 17 19 
Nuclear Regulatory Commission 1 1 1 1 1 1 

Millions of constant 1982 dollars 

Total’ ........ _ 43 100 178 260 297 320 341 

By type 
Phase | awards 43 44 62 86 93 B4 85 
Phase |! awards 0 56 117 174 204 44 254 

By agency 
Dept. of Agriculture 1 2 3 3 3 3 
Dept. of Commerce 0 0 0 1 1 1 1 
Dept. of Defense 19 41 70 132 164 171 184 
Dept. of Education. . . 1 1 1 1 1 2 
Dept. at Energy 5 15 23 25 24 25 26 
Dept. of Health & Human Services 7 21 40 50 7 60 63 
Dept. of the Interior . 1 0 0 0 0 
Dept. of Transportation . 2 3 3 2 3 3 
Environmental Protection Agency . 1 2 2 a 2 2 
Nat'l Aeronautics & Space Admin 5 12 26 31 27 39 41 
National Science Foundation 5 6 9 13 14 14 15 
Nuclear Regulatory Commission : 1 1 1 1 1 


* « less than $500 000 


Totals are SBIR award obligations that include award moditicatons The details by type of award and agency do not necessarily contain subsequent year 


revisions and may not sum to totals 
See appendix tabie 4.1 for GNP imphcit price deflators used to convert current dollars to constant 1982 dollars 


SOURCE Office of innovation Research and Technology. Small Business Admurustraiion Small Business innovation Dev “lopment Act Wastwngton 


NC SBA. ongoing senes) 
See figure 4.7 Soence & Engineering indicators 
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Appendix table 4-15. 
Small Business innovation Research (SBIR) awards, by technology area and selected agency: 
FYs 1983-89 (cumulative) 


Dept. of Nat’! Aero Nationa! 
Dept. of Dept. o' Heaith & & Space Science 

Technology area’ Total Defense Energy Human Svcs Admin Foundation Other 

Percent 
Total (1983-89) ........ oo, 100 100 100 100 100 100 100 
Computer, information, & analysis... ... 22 26 10 15 26 18 19 
Electronics ................ eae 21 27 18 7 20 16 12 
Materials..................... 6 18 25 6 15 24 14 
Mechanics of vehicles & facilities... .... 7 10 4 1 12 4 4 
Energy conservation anduse......... 12 10 28 3 15 10 6 
Environmental & natural resources ..... 7 5 10 4 7 13 20 
Life sciences..................... 16 4 4 64 4 15 25 

Millions of current dollars 

Total (1983-89) ................... 2.885 1,389 337 513 371 136 139 


‘Distributions are based on the cumulative 1983-89 vaiue of awards. not on the number of awards granted. Within each of the broad technology areas listed. SBIR 
awards are assigned to more specific technology areas. incluuing multiple technology areas. Therefore. the percentage distributions include overcounting 
of awards assigned to multiple technology areas. 


‘Includes Departments of Agriculture. Commerce, Education. and Transportation, the Environmental Protection Agency. and the Nuclear Regulatory Commission 


SOURCE: Office of Innovation, Research, and Technology, Small Business Administration. Smal/ Business Innovation Deveiopment Act: Seventh Year Results 
(Washington, DC: SBA, 1990). 
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Appendix table 4-16. 
Annual aggregate data on independent research and development (IR&D): FYs 1976-89 


Independent research and development IR&D as a percentage of 


Accepted oy Government IR&D program Not DOD and NASA DOD and DOD and NASA 
Incurred accepted R&D obligations NASA R&D R&D performed 
by Totai DOD NASA Not under IR&D Total to totai by industry 
industry accepted share share reimbursed program Total industry (a) (b) 
Millions of current dollars Percent 
1976 ......... 1,388 1,061 544 41 476 327 13.102 8.143 45 7.2 
1977 ......... 1,560 1,199 598 46 555 361 14,134 9.109 46 7.1 
1978 ......... 1.788 1.365 643 49 673 423 14.887 9.458 46 7.3 
1979 ......... 2,104 1,517 708 54 755 587 16.084 10,079 47 7.6 
1980 ......... 2,373 1.728 812 57 859 645 17,215 11,038 5.0 7.9 
1981 ......... 2.796 2,039 1,056 66 917 757 20.102 13,028 5.6 8.6 
1982 ......... 3.654 2.821 1,338 67 1.416 833 23.701 15,375 5.9 9.1 
1983 ......... 4.017 2,961 1,601 78 1,282 1,056 25.654 15,700 6.5 10.7 
1984 ......... 5.173 3,897 1,884 86 1.927 1.276 28,195 17,340 7.0 11.4 
1985 ......... 5.036 3,500 2,099 88 1,313 1,536 33,119 20,645 6.6 10.6 
1986 ......... 5.042 3,537 2.198 77 1,262 1,505 36,358 23,232 6.3 9.8 
1987 ......... 4.885 3,544 2.186 67 1,291 1,341 39.019 25,721 58 8.8 
1988 ......... 4.825 3.694 2.181 89 1,424 1,131 39.746 25,572 5.7 8.9 
1989 ......... 4.831 3.770 2,226 105 1.439 1,061 42.970 27.469 5.4 8.5 
Millions of constant 1982 dollars’ 

1976 ......... 2.236 1,709 876 66 767 527 21.104 13,116 
1977 ......... 2,327 1,789 892 69 828 539 21.086 13,589 
1978 ......... 2,493 1,903 897 68 938 590 20.757 13,188 
1979 ......... 2,701 1,947 909 69 969 754 20.649 12.939 
1980 ......... 2,800 2,039 958 67 1,014 761 20,315 13,025 
1981 ......... 3,000 2.188 1,133 71 984 812 21,567 13,977 
1982 ......... 3,654 2,821 1,338 67 1.416 833 23,701 15,375 
1983 ......... 3,854 2,841 1,536 75 1,230 1,013 24,613 15,063 
1984 ......... 4,781 3,602 1,741 79 1,781 1,179 26,060 16,027 
1985 ......... 4.515 3,138 1,882 79 1,177 1,377 29,694 18,510 
1986 ......... 4.403 3,089 1,919 67 1,102 1,314 31,751 20,288 
MT sesccvess 4,139 3,003 1,852 57 1.094 1.136 33,057 21,792 
eee 3,967 3,037 1,793 73 1,171 930 32,681 21,027 
rarer 3,812 2.975 1,756 83 1,135 837 33,904 21,673 


NOTE: DOD = Department of Defense; “IASA = National Aeronautics and Space Administration 
‘Includes R&D performed by federally funded research and development centers administered by the industrial sector. 


*Percentages calculated as follows: numerator in (a) is total DOD and NASA IR&D reimbursements, and denominator is total DOD and NASA R&D. excluding IR&D:; 
numerator in (b) is total DOD and NASA IR&D reimbursements, and denominator is DOD and NASA R&D performed by industry, excluding IR&D 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 doliars. 


SOURCES: Defense Contract Audit Agency, Summary of Independent Research and Development and Bid and Proposal Cost Incurred by Major Defense 
Contractors (Washington, DC: DCAA, ongoing series): NASA, unpublished tabulations; Science Resources Studies Division (SRS), National Science Foundation 
Federal Funds for Research and Development, Detailed Historical Tables: Fiscal Years 1955-1990 (Washington, DC: NSF, 1990): and SRS. Selected Data on 
Federal Funds for Research and Development. Fiscal Years 1989, 1990, and 1991, NSF 90-327(Washington. DC: NSF. December 1990) 


See figure 4-8. Science & Engineering Indicators — 1991 


Appendix table 4-17. 


Federal R&D funding, by budget function: FYs 1978-92 


1991 
Function 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 (est.) 
Millions of current dollars 

ED 6-0 5-5 6a bade ek wee cae cba ews 25.976 28,208 29.739 33.735 36.115 38,768 44.214 49887 53.249 57.069 59.106 62.115 63.781 64,123 
National defense....................... 12,899 13.791 14946 18413 22070 24936 29.287 33.698 36926 39.152 40.099 40665 39.925 37,788 
Health ..... oie Cae eae be ewe Ree wee 2.968 3401 3.694 3,871 3869 4298 4.779 5418 5565 6556 7076 777 8.308 9.086 
Space research and technology ... . 2.939 3.136 2.738 3,111 2584 2134 2300 2.725 2894 3398 3,683 4555 5765 6428 
General science ........................ 1.050 1.119 1,233 1.340 1359 1502 1676 1862 1873 2042 2160 2373 2410 2632 
ee 3.134 3461 3603 3501 3012 2578 2581 2389 2286 2053 2126 2419 2715 2.885 
Natural resources and environment...... 904 1,010 999 1,061 965 952 963 1,059 1,062 1.133 1.160 1,255 1,386 1,553 
Transportation................2.......... 768 798 887 869 791 876 1,040 1.030 917 908 896 1.064 1.045 1.251 
Agriculture ............00. 00.0 000000.. 501 552 585 659 693 745 762 836 815 822 882 907 950 1,049 
Education, training, employment, 

and social services ................. 345 354 468 298 228 189 200 220 248 267 285 347 374 470 
International affairs .................... , 57 117 125 160 165 177 192 210 211 223 224 279 375 385 
Veterans benefits and services.............. 111 123 126 143 139 157 218 193 183 215 195 212 216 219 
Commerce and housing credit.............. 77 93 101 106 104 107 110 114 111 110 122 128 140 175 
Community and regional development......... 92 127 119 104 63 44 46 50 88 99 108 74 78 97 
Administration of justice................... 44 47 45 34 31 37 24 47 41 49 51 45 44 47 
Income security..............0....22005. 67 57 47 43 32 32 26 21 14 25 23 27 33 40 
General government..................... 20 23 22 22 10 6 8 17 14 17 17 15 17 18 

Millions of constant 1982 dollars 

SD cs oo.0 4 9 0.408 64 65954049 0088 508% 36.219 36.212 35,094 36,194 36.115 37,194 40.866 44,728 46502 48.350 48600 49,009 48,383 46.582 
National defense........................ 17,985 17,704 17,637 19,755 22.070 23,923 27.070 30.213 32.247 33.170 32,971 32,085 30.286 27.451 
DR 4 6 444446466464 404606080046 64406% 4138 4366 4359 4153 3869 4123 4417 4858 4860 5554 5818 6133 6302 6.600 
Space research andtechnology............. 4098 4026 3,231 3338 2584 2047 2126 2443 2527 2879 3,028 3594 4373 4.670 
General science ........................ 1464 1.437 1455 1438 1,359 1,441 1549 1669 1636 1.730 1.776 1,872 1828 £1,912 
Sf Gh ea 6 2 444546 044464404546 648 65-1 4.370 4443 4252 3,756 3,012 2473 2,386 2142 1996 1739 1748 1909 2060 2.096 
Natural resources and environment........... 1.260 1,297 1,179 1,138 965 913 890 949 927 960 954 990 =+1.051 1.128 
Transportation......................005. 1.071 1,024 1,047 932 791 840 961 923 801 769 3 840 793 909 
Agriculture... 6.2... eee 699 709 690 707 693 715 704 750 712 696 725 716 721 762 
Education, training, employment, 

and social services.................... 481 454 552 320 228 181 185 197 217 226 234 274 284 341 
International affairs .............0.....0... 79 150 148 172 165 170 177 188 184 189 184 220 284 280 
Veterans benefits and services.............. 155 158 149 153 139 151 201 173 160 182 160 167 164 159 
Commerce and housing credit.............. 107 119 119 114 104 103 102 102 97 93 100 101 106 127 
Community and regional development......... 128 163 140 112 63 42 43 45 77 84 89 58 59 70 
Administration of justice................... 61 60 53 36 31 35 22 42 36 42 42 36 33 34 
Income security............0.0 00.000 0008, 93 73 55 46 32 31 24 19 12 21 19 21 25 29 
General government..................... 28 30 26 24 10 6 7 15 12 14 14 12 13 13 


1992 


(est.) 


72.057 


43.247 
9.649 
7,656 
2.962 
2.920 
1.602 
1.380 
1,091 


510 
413 
219 
200 
102 
53 
35 
18 


50.289 


30.182 
6.734 
5.343 
2.067 
2.038 
1 4 18 

963 


NOTES: Data for 1978-90 are actual budget authority. Data for 1991 and 1992 are estimates based on the FY 1992 budget. Budget obligations for 1955-77 are available trom the source document |isted below 
‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: Science Resource Studies Division, National Science Foundation, Selected Data on Federal R&D Funding by Budget Function: Fiscal Years 1990-92. NSF 90-319 (Washington, DC: NSF. 1991) 


See figures 4-9 and 4-10. 
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Appendix table 4-18. 


Federal basic research funding, by budget function: FYs 1978-92 


1991 1992 
Function 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 (est) (est.) 
Miiiions of current dollars 

Total. .......2....00..... heeeeo ues 3,665 4108 4,716 5107 5305 6247 7,072 7,810 8193 9021 9553 10648 11.288 12.330 13,294 
Health ............ peteudevesdeiaacas 1.246 1,579 1,761 1,951 1953 2475 2813 3.243 3324 3851 4087 4413 4661 5101 5477 
General science ........................ 962 1,026 1,152 1,256 1,296 1,439 1606 1,779 1795 1942 2061 2265 2306 2517 2826 
Space research and technology......... - 412 440 482 445 434 501 646 498 737 843 944 1,099 1,389 1453 1,696 
National defense........................ 320 365 552 610 696 788 845 856 960 900 905 965 964 1024 1,041 
Energy....... 20.2... 2 0 eee 157 172 200 220 260 320 365 428 456 511 571 703 761 913 870 
Agriculture .... 2.2... ee 197 222 246 281 295 326 353 406 390 397 428 433 456 495 532 
Natural resources and environment........... 207 131 136 131 139 156 192 206 204 206 210 331 336 392 386 
Transportation..................0..02.04. 70 75 79 89 102 117 125 255 184 231 197 287 242 245 264 
Education, training, employment, 

and social services.................... 57 59 61 66 78 70 77 86 83 78 83 92 106 119 127 
Commerce and housing credit.............. 9 10 15 17 17 19 20 23 26 26 28 29 31 31 34 
Veterans benefits and services.............. 9 10 14 15 13 14 15 15 15 17 17 16 16 16 16 
Administration of justice................... 10 10 9 5 - 4 5 - 5 8 8 7 9 6 6 
Community and regional development......... 8 8 8 5 7 6 5 6 6 : 7 3 3 5 5 
General government..................... 0 * * 3 2 3 3 + 5 4 5 3 3 4 4 
international affairs ...................... . 0 0 12 10 10 3 o 5 3 3 3 4 9 10 
Income security... ............0 00022008. 2 1 1 3 0 0 0 0 0 0 0 0 0 0 0 

Millions of constant 1982 dollars 

ee ee rrr 5.110 5274 5565 5479 5305 5993 6537 7,002 7,155 7643 7,855 8401 8563 8957 9278 
DER con aan eect 600 4oee80 beds eae den ; 1.737 2,027 2,078 2,093 1953 2374 2600 2908 2903 3,263 3361 3482 3536 3,706 3,822 
General science ........................ 1.341 1,317 1,359 1,348 1,296 1,381 1484 1595 1568 1645 1695 1.787 1,749 1828 197 
Space research andtechnology............. 574 565 569 477 434 481 597 447 §44 714 776 867 1.054 1056 1184 
National defense......................2.. 446 469 651 654 696 756 781 767 838 762 744 761 731 744 727 
 64.464945604640464 5 68 6e FERC Ew EOS 219 221 236 236 260 307 337 384 398 433 470 555 577 663 607 
eee ar 275 285 290 301 295 313 326 364 341 336 352 342 346 360 371 
Natural resources and environment........... 289 168 160 141 139 150 177 185 178 175 173 261 255 285 269 
CE ¢06 bee 4e6bebaenesseeseens 98 96 93 95 102 112 116 229 161 196 162 226 184 178 184 
Education, training, employment, 

and social services.................... 79 76 72 71 78 67 71 77 72 66 68 73 80 86 89 
Commerce and housing credit.............. 13 13 18 18 17 18 18 21 23 22 23 23 24 23 24 
Veterans benefits and services.............. 13 13 17 16 13 13 14 13 13 14 14 13 12 12 11 
Administration of justice................... 14 13 11 5 “ 4 5 4 a 7 7 6 7 4 4 
Community and regional development......... 11 10 9 5 7 6 5 5 5 3 6 2 2 4 3 
General government .................0005. 0 . : 3 2 3 3 4 4 3 4 2 2 3 3 
International affairs ...................... 7 0 0 13 10 10 3 a 4 3 2 2 3 7 7 
Income security............ PETTITT TTreT 3 1 1 3 0 0 0 0 0 0 0 0 0 0 0 
* = less than $500,000 


NOTES: Data for 1978-90 are actual budget authority. Data for 1991 and 1992 are estimates based on the FY 1992 budget. Budget obligations for 1955-77 are available from the source document listed below 
‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: Science Resource Studies Division, National Science Foundation, Selected Data on Federal R&D Funding by Budget Function: Fiscal Years 1990-92, NSF 90-319 (Washington, DC: NSF. 1991) 
See figure 4-10. 
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Appendix table 4-19. 
National support for health R&D, by performer and source of funds: 1979-91 


1990 1991 
Sector 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 (est.) (est.) 
Millions of current dollars 
WE os ov ce cee 8 eee eeenes 7.150 7.953 8,723 9548 10.753 12.143 13.512 14.832 16.868 18.905 20.900 22.584 24.542 
Source of funds 
Government............... 4.786 5203 5413 5612 6.117 6886 7675 7,930 9,037 9.721 10,695 11.373 12.013 
Federal................ 4321 4.723 4848 4970 5399 6.087 6,791 6895 7.847 8425 9.230 9.856 10.383 
Nat'l institutes of Health .... 2.953 3.182 3.333 3433 3.789 4.257 4828 5005 5852 6292 6.778 7,141 7.472 
State andilocal........... 465 480 564 642 718 799 884 1.034 1,191 1.295 1465 1.517 1.630 
Industry .................. 2.093 2459 2998 3593 4.205 4,765 5352 6188 7.103 8432 9404 10.368 11.619 
Private nonprofit............ 271 292 312 343 431 491 486 715 728 753 801 843 910 
Howard Hughes Med. Inst . . 17 18 20 25 54 793 51 247 183 179 197 215 246 
Performer 

Government............... 1.309 1487 1,575 1,668 1813 1,996 2139 2153 2.387 2588 2853 3.016 3.178 
Federal................ 1.120 1.284 1,364 1448 1577 1,741 1869 1847 2042 2213 2432 2.574 2.706 
State andlocal........... 189 203 211 221 236 255 270 306 346 375 421 442 472 
Industry.................. 1.932 2249 2659 3.161 3,668 4.216 4660 5293 6015 6927 7.850 8595 9578 
Higher education’........... 2.818 2.998 3.204 3362 3.769 4,268 4823 5281 6011 6519 7.178 7663 8.168 
Private nonprofit?............ 688 720 744 767 874 968 1,087 1,130 1,330 1.431 1,564 1672 1,775 
ee ee 403 499 542 591 630 696 803 975 1.138 1441 1456 1639 1.844 


Biomedical R&D price index’. 0.768 0.840 0.921 1.000 1.060 1121 1178 1227 1.294 1359 1429 1512 1603. 


— Millions of constant 1982 dollars 
Total ................ _. 9315 9473 9469 9548 10,147 10,833 11.471 12,090 13,041 13.915 14,623 14.935 15.313 


_ Source of funds 
Governmert.............. 6.235 6.197 5875 5612 5772 6143 6516 6464 6986 7.155 7,483 7.521 7.495 
Federal................ 5.630 5.625 5,263 4970 5095 5430 5765 5621 6,066 6201 6458 6518 6478 
Nat'l Institutes of Health .... 3.847 3,790 3618 3433 3,576 3,798 4,099 4080 4524 4631 4,742 4,722 4662 
State andlocal........... 605 572 612 642 678 713 750 843 921 953 1,025 1.003 1.017 
Industry .................. 2.727 2928 3,254 3593 3968 4,251 4544 5044 5491 6206 6579 6.856 7,250 
Private nonprofit............ 354 347 339 343 407 438 412 583 563 554 560 557 #568 
Howard Hughes Med. Inst. . . 22 21 22 25 51 70 43 201 141 132 138 142 153 
Performer 
Government............... 1.705 1,772 1,709 1,668 1,711 1,781 1816 1,755 1,845 1905 1,996 1,994 1983 
Federal................ 1.459 1530 1480 1,448 1.488 1.553 1,587 1,506 1.579 1629 1.701 1,702 1.688 
State andlocal........... 246 242 229 221 222 227 229 249 267 276 295 292 295 
Industry’.................. 2,517 2679 2886 3,161 3461 3.761 3,956 4314 4650 5099 5492 5684 5976 
Higher education’........... 3,671 3,571 3,478 3,362 3,557 3,808 4095 4305 4647 4,798 5022 5,067 5.096 
Private nonprofit’............ 896 857 808 767 824 864 922 921 1.028 1.053 1,094 1,106 1,108 
Foreign .................. 525 594 588 591 595 621 682 795 880 1.061 1.019 1,084 1,151 


‘For Howard Hughes Medical Institute, figures are for the direct conduct of biomedical research and exclude support for scientific career development. Figures for 
1985 include only 8 months of operations because of change in fiscal year 


Includes expenditures for federally funded research and development centers administered by organizations in the respective sectors. 
‘The biomedical R&D price index used here differs from the GNP implicit price deflator detailed in appendix table 4-1 
SOURCE: National Institutes of Health, NIH Data Book (Bethesda, MD: NIH, annual series) 
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Appendix table 4-20. 
Public and private R&D expenditures for health and agriculture: selected years, 1960-89 


National support for health-related R&D 


Health 
Public funds Private funds R&D ___ Public funds . Private funds 
Total Federal State Industry Nonprofit deflator Total Federal State Industry Nonprofit 

Millions of dollars Millions of constant 1980 dollars 
1960....... 886 448 46 253 139 0.3454 2.565 1.297 133 732 402 
1965....... 1.890 1.174 90 450 176 0.3901 4.845 3.009 231 1.154 451 
1970....... 2.847 1,667 170 795 215 0.4948 5.754 3.369 344 1.607 435 
1975....... 4.701 2.832 286 1.319 264 0.6779 6.935 4.178 422 1.946 389 
1980....... 7,953 4,723 480 2.459 292 1.0000 7.953 4.723 480 2.459 292 
1985....... 13,513 6,791 884 5,352 486 1.4029 9.632 4.840 630 3.815 346 
1989....... 20.900 9,230 1.465 9.404 801 1.7022 12.278 5,422 861 5.525 471 


National performance of food and agriculture R&D 


Agriculture 
Public industry R&D Public industry 
Total research® Input Food deflator Total research: input Food 
Millions of dollars Millions of constant 1980 dollars 

196F ........... 435 217 126 92 0.3303 1.317 657 381 279 
1965............ 669 346 192 131 0.4043 1.655 856 475 324 
1970............ 997 505 286 206 0.5430 1.836 930 527 379 
1975............ 1,475 749 453 273 0.7326 2.013 1.022 618 373 
1980............ 2,632 1,186 938 508 1.0000 2.632 1.186 938 508 
1985............ 4.029 1,664 1.370 995 1.4078 2.862 1.182 973 707 
1989............ 4.836 2,089 1,625 1,122 1.5213 3,179 1.373 1 068 738 


Includes state and local government funds. 
“Index is the National Institutes of Health biomedical research and development price index. Base year = 1980 


‘Public sector performers, including state agricultural experiment stations (SAES) affiliated with land-grant universities. receive 95 percent of their funds from put 
sector sources. Private sector performers, including private research firms. receive more than 95 percent of their funds from private sector sources 

‘Includes research conducted by the Department of Agriculture's (USDA's) Agricultural Research Service and Economic Research Service, and research conducted 
at all SAES using both Federal and non-Federai (primarily state government) funds 

‘Includes R&D performed by agricultural input industries: agricultural chemicals. farm machinery. seeds. veterinary medicine. and agricultural biotechnology 

*Index for 1960-85 is an index specific to agriculture R&D developed by Pardey, Craig, and Hallaway. Index number for 1989 is based on the historical relationship 
between the Pardey index and the GNP implicit price deflator. Base year = 1980 

SOURCES: National Institutes of Health. N/H Data Book (Washington. DC: NIH. annual series): NIH unpublished tabulations: CE Pray and C. Neumeyer Trends 
and Composition of Private Food and Agricultural R&D Expenditure in the United States.” P-02221-1-89 (New Brunswick. NJ: Rutgers College. 1989): personal 
communication with Dr. Pray; USDA. “Inventory of Agricultural Research: Current Research Information System’ (Washington, DC: USDA, annual series). and P.G 
Pardey, B. Craig, and M.L. Hallaway,. “U.S. Agricultural Research Deflators: 1890-1985." Research Policy 18: 289-96 

See figure 4-11. Science & Engineering Indicators — 1991 
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Appendix table 4-21. 
Budgetary impact of the Federal research and experimentation (R&E) tax credit: FYs 1981-92 
Total Ratio 
Cost of R&E credit Federal of credit Total 
Outlay Revenue R&D Outlays __Cost of R&E cromt Federal 
equivalent loss Outlays to R&D Outlay Revenue R&D 
(a) (b) (c) (a)/(c) equivalent loss Outlays 
Millions of current dollars Percent Millions of constant 1982 dollars 
NE ob cae eae ek oases 205 15 32,459 0.63 220 16 34.825 
rere 640 415 34,391 1.86 640 415 34,391 
Bos & owe vw em exes oes 1,010 615 36.659 2.76 969 590 35.170 
US... wwe. 3,360 1,380 39,691 8.47 3,106 1.276 36,686 
eee 2,430 1,665 44.171 5.50 2.179 1,493 39.604 
Ses Gx ae Oh Ge 4 es on es 2,295 680 50.609 453 2,004 594 44.196 
BE ona: ose ee ov ae 4 2,715 1,865 51.612 5.26 2.300 1,580 43,727 
SR 6 oo 4 ow & o-¥e e664 os 1,240 900 54.739 2.27 1.02U 740 45.009 
Ws 6.54 a8 Oh 4 6s ow G8 1,590 1,145 59.450 2.67 1,255 903 46.906 
Se 1,625 1,115 63,158 2.57 1.233 846 47,911 
ee 1,680 1,155 63,440 2.65 1.220 839 46.086 
eee ee 1,220 835 68,065 1.79 851 583 47,503 


NOTES: Tax expenditure estimates are prepared by the Treasury Department based on income tax law enacted as of December 31st of the year for which the 
expenditures are reported. Expenditures for the years 1990-92 are estimated based on the assumption that the tax structure existing December 31, 1990. ts 


unchanged. 
‘Outlay equivalent” estimates are comparable to taxable outlay figures reported in the budget. This allows a comparison of the resource cost of the tax credit with 
the cost of direct Federal R&D expenditure support. The “revenue loss” estimates are net of taxes 


*See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars 
SOURCE: Office of Management and Budget. Budget of the United States Government (Washington. DC: OMB. annual series) 
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Appendix table 4-22. 
Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1989 


(page 1 of 2) 
Industry Universities and colleges (U&C) U&C FFRDCs 
Total Federal - — -— 2 ———___—_______—— 
all intra- Federal Federal Non-Fed Federal Non- 
Geographic area sectors mural Total Govt industry Total Gov't govt industry U&C Other Total Govt profits 
Millions of current dollars 
TOTAL U.S. ...... 139.842 14.651 101.599 31.366 70.233 14.701 8.804 1.201 963 2.669 1.064 4.729 4692 3.876 
New England... ... 11.710 SSo—Sfsé8.7899 2.416 6.373 1.357 944 33 107 149 124 364 364 535 
Connecticut... . . . 2.745 38 2410 680 1.730 284 187 5 12 7 23 0 0 13 
Maine........... 72 4 33 0 33 20 8 1 4 7 1 0 0 15 
Massachusetts ....._..... 7,949 401 5.825 1.691 4.134 868 622 19 79 59 90 364 364 491 
New Hampshire owen 202 22 95-140 D 95 62 42 3 3 9 5 0 0 0 
Rhode Isiand....... acess 428 196 139 D D 80 56 3 6 12 2 0 0 13 
Vermont’... ... eeu 314 4 242 287 D D 43 29 3 3 5 3 0 0 3 
Middle Atilantic........... 22.918 793 19,084 3.988 15.096 2.376 1,454 147 179 364 232 389 388 276 
New Jersey.......... 7,229 430 6,381 601 5.780 283 118 45 17 83 20 113 112 22 
New York.......... a 9.898 89 ~=©8.071 1.480 6.591 1.332 867 69 71 172 154 255 255 151 
Pennsylvania........ — 5.791 274 4,632 1,907 2.725 761 469 32 92 109 59 21 21 103 
South Atlantic ............. 17,779 6.538 8,100 2.598 5.502 2.720 1.673 262 178 499 109 32 31 389 
Delaware*’............. 8873 845 1.03 D D 37 17 3 4 11 2 0 0 2 
District of Columbia’... ... . 1,982 1.522 23-210 D 23 114 85 1 7 16 6 0 0 136 
Florida .............. 3.375 642 2,341 1.167 1,174 386 200 26 21 113 26 0 0 6 
Georgia ............... 1,302 158 719 D D 417 205 40 35 125 12 0 0 8 
Maryland............... 5.091 3,012 1,088 552 536 922 706 64 35 92 25 0 0 69 
North Carolina........... 1.826 60 1,305 5 1,300 425 262 61 41 47 14 0 0 36 
South Carolina ...... 376 60 386 D D 120 42 17 8 45 8 0 0 10 
Virginia........... - 2,536 1.018 1,126 687 439 259 139 49 22 34 14 13 12 120 
West Virginia®...... eae 203 63 80-267 D 80 39 17 1 4 15 2 18 18 2 
Southeast................ 3,132 864 1,640 653 987 581 304 7 40 118 41 8 8 39 
Alabama............... 1,223 568 428 213 215 207 115 18 16 41 1 ' 20 
Kentucky............... 343 31 226 0 226 84 33 7 8 31 6 C 2 
Mississippi ............. 264 130 56 D D 75 32 20 5 10 8 0 0 3 
Tennessee ............. 1,302 135 930 D D 215 124 32 10 37 1 8 8 14 
Southwest................ 7,589 571 5,580 1,886 3,694 1,345 602 184 80 321 158 D 0 93 
Arkansas .............. 121 25 51 D D 44 14 12 4 10 4 0 0 1 
Louisiana .............. 384 36 168 D D 179 66 43 8 47 15 0 0 1 
Oklahoma.............. 507 46 332 D D 113 33 5 6 60 9 0 0 16 
TexaS...........0000.. 6,576 464 5,028 1,848 3,180 1,009 488 124 62 205 130 0 0 75 
GreatLakes .............. 23,347 1.288 19,308 1.267 18,041 2.072 1,178 195 136 415 148 528 521 151 
Winois.. 2... 5,307 59 4,050 D D 604 338 36 39 151 41 528 521 65 
Indiana... . 2.2.20... 2,120 75 =: 11,815 D D 227 136 19 18 44 10 0 0 3 
Michigan............... 9,057 71 8,468 99 8,369 486 263 36 36 116 35 0 0 32 
Ohio... 0.2 ee ee. 5,465 1,056 3,946 681 3,265 417 242 49 26 62 38 0 0 46 
Wisconsin.............. 1,399 27 ~=— 1,030 32 998 337 198 55 16 43 24 0 0 5 
(continued) 
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Appendix table 4-22. 


Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1989 


(page 2 of 2) 
industry Universities and colleges (U&C) U&C FFRDCs 
Total Feceral oe eeneenemenas ; 
all intra- Federal Federal Non-Fed Federal Non 
Geographic area sectors mural Total Govt Industry Total Gov't gov't Industry U&C Other Total Govt profits 
Millions of current dollars 

Plains . 6.530 166 5,307 1,77 3,537 965 483 135 69 220 58 22 22 70 
lowa . 616 20 363 D D 209 103 25 15 61 6 22 22 2 
Kansas 523 9 404 94 310 108 44 24 5 30 4 0 0 2 
Minnesota . 2.399 31 2.066 D D 259 133 43 12 44 27 0 0 43 
Missouri . . 2.710 58 2.380 D D 255 140 15 25 60 16 0 0 17 
Nebraska 182 22 64 D D o4 37 23 9 21 4 0 0 2 
North Dakota 79 20 27 0 27 28 19 1 3 4 1 0 0 4 
South Dakota . 23 6 < 0 4 12 6 5 0 1 0 0 0 0 

Mountain. . . 7.109 1,021 4.095 1.896 2.199 874 514 70 62 182 46 993 97 126 
Arizona. . 1.293 118 917 220 697 224 105 8 13 86 12 28 28 7 
Colorado. . 1.649 117 = 1.162 251 911 226 167 11 14 18 17 63 61 80 
idaho’ 614 19 161-561 D 161 33 13 8 4 8 0 0 0 1 
Montana* 59 21 5-405 D 5 32 12 8 3 10 0 0 0 1 
Nevada. . 141 77 29 D D 34 18 2 4 9 1 0 0 1 
New Mexico .......... 2.680 594 1,034 D D 136 7 15 16 18 11 902 889 13 
ee 620 66 387 D D 165 109 17 6 28 5 0 0 2 
Wyoming’.............. 53 9 0-400 D D 23 14 2 2 6 0 0 0 21 

ee 34,925 2.718 26,764 14.193 12,571 2.411 1,653 97 113 400 148 2.385 2.373 647 
Alaska ...... 118 51 9 D D 57 27 2 3 22 3 0 0 1 
California -<eae 30.881 2.478 23.675 12.857 10,818 1.846 1,281 43 83 322 116 2.385 2.373 497 
Hawaii........... 123 36 9 2 7 71 41 25 1 4 1 0 0 ; 
Oregon............ a 579 42 355 30 325 161 99 21 5 17 20 0 0 1 
Washington............. 3.225 111 2.716 D D 277 205 6 21 36 8 

Other/unknown ............ 4.803 27 2,932 699 2.233 286 _ — 5 1 550 

D = withheld to avoid disclosing operations of individual Companies - - = unknown 

Funds distributed by state for universities and co”eges are for doctorate-granting institutions only. R&D performed at non-doctorate-granting institutions is included in Other uNkNoy. 

‘For the nonprofit sector. funds distributed by state include only Federal obligations to organizations in this sector Estimated non-Federal suppo't to the nonprofit sector is included 19 other Unknow: 


‘For the industry sector. reported data fall within the range specified, but have been withheld by the Census Bureau to avoid disclosing individua! Company operations Amount for state total is R&D performance of 
Federal Government. universities and colleges, academic federally tunded research and development centers (FFRDCs). and nonprofit sector. plus the midpoint of the industry R&D performance range 


‘For the industry sector, reported data fall within the range specified, but have been withheld by the Census Bureau to avoid disclosing individual company operations Amount for state total is R&D performance of 
S, academic FFRDCs, and nonprofit sector, plus the low end of the industry R&D performance range Use of low end of range based on reported Nationa! Science 


Federal Government, universities and 
Foundation (NSF) industry data for 1985 and 1987. and Federal obligation data for 1989. this implicitly assumes that there were no major shifts in industry R&D performance between 1987 and 1989 


‘For the industry sector. reported data fall within the range specified. but have been withheld by the Census Bureau to avoid disclosing individual company operations Amount for state total is R&D performance of 
Federal Government. universities and colleges. academic FFRDCs. and nonprofit sector. plus the high end of the industry R&D performance range Use of high end of range based on reported NS! 


for 1985 and 1987, and Federal obligation data for 1989: this implicitly assumes that there were no major shifts in industry R&D performance between 1987 and 1989 
SOURCE: Science Resources Studies Division, National Science Foundation. unpublished tabulations 
See figure 4-12 and text tables 4-5 and 4-6 
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Appendix table 4-23. 
States leading in R&D performance by sector and R&D as a percentage of gross state product (GSP): 1989 
Total R&D Universities Federal 
($ millions) Ail sectors’ Industry & colleges: Government R&D intensity of state economy 
GSP’ 
SERRE ERR Largest 25 performers (ranked by size of R&D) R&D/GSP (§$ billion) 
30,881 1California..... California....... California ...... Maryland....... New Mexico ....... 9.8% 27.2 
9,898 2NewYork..... Michigan ....... New York ...... California ...... Delaware ......... 5.7% 15.7 
9,057 3Michigan...... New York....... Texas.... .... Ohio.......... Massachusetts ..... 5.5% 145.8 
7,949 4Massachusetts . NewJersey..... Maryland....... Virginia. ....... Maryland ......... 5.1% 99.0 
7,229 5NewJersey.... Massachusetts... Massachusetts.. Florida ........ Michigan ......... 5.0% 181.4 
6.576 6Texas........ Texas ......... Pennsylvania.... NewMexico ....  California......... 4.5% 680.7 
5,791 7 Pennsylvania .. Pennsylvania.... Illinois......... Alabama....... Idaho............ 3.8% 16.2 
5,465 8Ohio......... Illinois... 22... Michigan....... Texas......... New Jersey ....... 3.7% 197.5 
5,307 Qlllinois........ Ohio .......... North Carolina... New Jersey..... Washington ....... 3.3% 99.2 
5,091 10Maryland..... Washington ..... Georgia ....... Massachusetts .. Connecticut....... 3.0% 90.4 
3,375 11Florida...... Connecticut... .. Ohio.......... Pennsylvania.... Vermont.......... 2.8% 11.2 
3,225 12 Washington... Missouri........ Florida ........ Rhode Island.... Missouri.......... 2.7% 99.9 
2,745 13Connecticut... Florida......... Wisconsin...... Georgia........ Ohio............. 2.6% 211.2 
2,710 14WMissouri.... Minnesota ...... Connecticut... . . Tennessee ..... Minnesota ........ 2.5% 94.2 
2,680 15NewMexico.. Indiana........ New Jersey..... Mississippi ..... Pennsylvania ...... 2.5% 227.6 
2,536 16 Virginia...... North Carolina... Washington..... Arizona........ Colorado ......... 2.4% 67.9 
2,399 17Minnesota.... Colorado....... Virginia........ Colorado....... Rhode Island ...... 2.2% 19.2 
2,120 18Indiana...... Virginia ........ Minnesota...... Washington..... New York......... 2.2% 448.2 
1,826 19North Carolina. Maryland....... Missouri ....... New York ...... eee 2.2% 28.7 
1,649 20Colorado..... New Mexico... .. Indiana........ Nevada........ illinois ........... 2.1% 257.7 
1.399 21 Wisconsin.... Wisconsin...... Colorado....... Indiana........ Indiaana........... 2.0% 104.6 
1,302 22Georgia..... Tennessee...... Arizona........ Michigan....... Arizona ........ 2.0% 64.7 
1,302 23Tennessee... Arizona........ Tennessee ..... ee TexaS........... 1.9% 346.8 
1.293 24Arizona...... Delaware....... eee West Virginia....  ‘Virginia.......... 1.9% 133.9 
1,223 25Alabama..... Georgia........ Alabama....... North Carolina... Alabama.......... 1.8% 66.7 
Less than 1.5% 
$1 billion ~---——__-_ -----_ —- $mallest 25 performers (listed alphabetically) or less 
Alaska......... Alabama ....... Alaska ........ Alaska ........ Alaska........... . 21.3 
Arkansas....... Alaska......... Arkansas ...... Arkansas....... Arkansas ......... : 37.5 
Delaware....... Arkansas....... Delaware ...... Connecticut. .... Florida........... .. 230.4 
Hawaii......... Hawaii......... Hawaii... ..... Delaware ...... Georgia.......... - 127.4 
SD 2402 ¢.44%. eee Idaho ......... Hawaii ........ Hawaii........... ‘a 25.8 
lowa.......... DR caeeaasave Kansas........ Idaho ......... ee _ 54.6 
Kansas........ Kansas ........ Kentucky....... Ilinois......... Kansas........... - 49.8 
Kentucky....... Kentucky....... Louisiana ...... lowa.......... Kentucky ......... - 65.1 
Louisiana....... Louisiana....... Maine......... Kansas........ Louisiana......... ‘a 81.6 
Maine......... Maine ......... Mississippi ..... Kentucky....... Maine............ 7 23.0 
Mississippi... .. . Mississippi... .. . Montana....... Louisiana ...... Mississippi........ ‘- 38.2 
Montana ....... Montana ....... Nebraska ...... Maine......... Montana.......... . 13.9 
Nebraska....... Nebraska....... Nevada........ Minnesota...... Nebraska......... .. 31.7 
Nevada........ Nevada........ New Hampshire.. Missouri....... Nevada .......... . 27.4 
New Hampshire... NewHampshire.. NewMexico.... Montana. ..... New Hampshire... .. . 23.8 
North Dakota.... NorthDakota.... North Dakota.... Nebraska ...... North Carolina... ... “ 128.0 
Oklahoma...... Oklahoma ...... Oklahoma...... New Hampshire... North Dakota...... .. 12.1 
Oregon........ Oregon ........ Oregon........ North Dakota.... Oklahoma......... ie 54.9 
Rhode Isiand.... Rhodelsiand.... Rhodelsiand.... Oklahoma...... Oregon........... . 52.6 
South Carolina... SouthCarolina... SouthCarolina.. Oregon........ South Carolina... .. - 56.8 
South Dakota.... SouthDakota.... SouthDakota... South Carolina... South Dakota...... ‘ 11.8 
re sige sceses ee South Dakota...  Tennessee........ - 91.0 
Vermont ....... Vermont........ Vermont....... Vermont....... West Virginia ...... - 26.8 
West Virginia.... WestVirginia.... West Virginia.... Wisconsin...... Wisconsin. ........ - 94.2 
Wyoming....... Wyoming....... Wyoming ...... Wyoming....... Wyoming ......... - 11.6 


‘Includes in-state R&D performance of industry, universities, associated federally funded research and development centers (FFRDCs), and Federal agencies and the 
federally funded R&D performance of nonprofit institutions. 


"Excludes R&D activities of FFRDCs located within these states. 


‘Gross state product data available from the Bureau of Economic Analysis (BEA) through 1986. GSP data for 1989 estimated here based on changes in employee 
compensation and proprietors’ income between 1986 and 1989. as reported by BEA. 


SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations. 
See text table 4-5. Science & Engineering Indicators — 1991 


338 Appendix A. Appendix Tables 
Appendix table 4-24. 
Summary of siate programs related to science and technology (S&T) based economic development: 
selected programs 
(page 1 of 2) 
Major state administrative agencies. University Industry focus 
Year commissions, and boards concerned with focus R&D tax Startup 
formed’ S&T-based economic development initiatives: Grants Centers incentives support 
Alabama.......... 1987 Alabama Science, Technology, & Energy Division............... U _ _ — 
Alaska ........... 1988 Alaska Science and Technology Foundation................... | _ _ — 
Arizona........... 1990 Governor's Advisory Board on Science & High Technology......... — Cc — — 
Arkansas.......... 1983 Arkansas Science & Technology Authority .................... U C Credit S 
California ......... 1989 California Office of Competitive Technology ................... UI — Other — 
Colorado.......... 1986 Colorado Advanced Technology Institute ..................... Ul C — — 
Connecticut........ 1972 Connecticut Innovations Incorporated........................ Ul — SV 
Delaware ......... 1986 Governor's High Technology Task Force...................... Ul — Credit = 
Florida ........... 1983 Florida High Technology and industry Council.................. U — — S 
Georgia........... 1980 Advanced Technology Development Center................... _ C — — 
Hawaii ........... 1983 High Technology Development Corporation.................... _ -—~ — SV 
ih 208009446088 1988 Division of Science & Technology........................... U — _ —_ 
lilinois............ 1981 Office of Technology Advancement and Development............ UI — — SV 
Indiana........... 1982 Business Modernization and Technology Corporation ............ | Cc Credit SV 
lowa............. 1983 lowa High Technology Council.....................022.000.. Ul Cc Credit SV 
Kansas........... 1987 Kansas Technology Enterprise Corporation.................... Ul C Credit SV 
Kentucky.......... 1987 Office of Business and Technology.......................... | C —_ V 
Louisiana ......... 1988 Louisiana Partnership for Technology & Innovation.............. — — _ SV 
Maine............ 1984 Maine Science and Technology Commission................... U C Exemption —- 
Maryland.......... 1988 Office of Technology Development.......................... | — Exemption — 
Massachusetts ..... 1985 Executive Office of Economic Affairs......................... — Exemption V 
Michigan.......... 1985 Michigan Strategic Fund..........................2..2... Ul C _ SV 
Minnesota......... 1983 Minnesota Technology, inc ....................0....02200.. = Cc Credit V 
Mississippi ........ 1985 Institute of Technology Development ........................ — C Credit — 
Missouri .......... 1983 Missouri Corporation for Science & Technology................. — C — S 
Montana.......... 1985 Montana Science and Technology Alliance.................... | Cc — SV 
Nebraska ......... 1986 Nebraska Research and Development Authority ................ | C = SV 
Nevada........... 1990 Industry, Science, Engineering & Technology Task Force.......... = a _ = 
New Hampshire... . . 1991 Office of Business and Industrial Development .................. —_ o — — 
New Jersey........ 1985 New Jersey Commission on Science and Technology............ U C Exemption — 
New Mexico ....... 1981 Economic Development Department......................... UI C — S 
New York ......... 1982 New York Science and Technology Foundation................. C _ SV 
North Carolina...... 1963 North Carolina Board of Science and Technology ............... | Cc Credit SV 
North Dakota....... 1991 Science and Technology Corporation........................ U ~~ — SV 
i tiseheae sss 1983 Thomas Alva Edison Program....................00000005. Ul C — SV 
Oklahoma......... 1987 OK Center for the Advancement of Science & Technology......... | C _ SV 
Oregon........... 1985 Oregon Resource and Technology Development Corporation... .. . . | _ oa SV 
Pennsylvania....... 1982 Ben Franklin Partnership Program .....................0..2.. UI — Exemption SV 
Rhode Isiand....... 1985 Rhode Island Partnership for Science and Technology............ U _ Other _ 
South Carolina... ... 1983 South Carolina Research Authority.....................0..... _ _ _ S 


(continued) 
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Appendix table 4-24. 
Summary of state programs related to science and technology (S&T) based economic development: 
selected programs 


(page 2 of 2) 

Major state administrative agencies, University Industry focus 

Year commissions, and boards concerned with focus R&D tax Startup 

formed’ S&T-based economic development initiatives: Grants Centers incentives support 
South Dakota ...... 1988 TheFutureFund.................. 0.0.0.0... 2 ee ee eee UI — — S 
Tennessee ........ 1982 Tennessee Technology Foundation ......................... — Cc _— V 
TexaS............ 1987 Office of Advanced Technology .......................025.. — — _— V 
Utah... .....000.... 1985 Centers of Excellence Program .....................2200-4. C — SV 
Vermont.......... 1988 Governor's Advisory Council on Technology................... U — Exemption — 
Se 1984 Center for Innovative Technology......................2-.... UI Cc Exemption — 
Washington........ 1990 Office of Science & Technology......................2004.5. — C Credit V 
West Virginia....... 1977 Office of Community & Industrial Development ................. — _ Credit V 
Wisconsin......... 1990 Bureau of Research and Technology ........................ U C Credit — 
Wyoming.......... 1989 Science, Technology and Energy Authority.................... Ul — — —_ 


NOTES: University focus to foster research and technology aimed at local economic development: 

U = States sponsoring university research grants (partnerships with industry) 

| = States funding research grants to industry, generally with active university participation 

C = States with university research centers, which generally draw on the strengths of major industries in the state 
R&D tax incentives: 

Exemption = R&D materials and/or equipment are exempt from sales/use taxes 

Credit = State tax credit on qualified R&D expenses conducted in-state 

Other = California allows R&D expenses to be deducted from state taxes and Rhode Island provides accelerated tax depreciation for R&D facilities 
Startup support (includes programs for which the state provides ongoing support/oversight or one-time capitalization): 

S = States with seed capital programs to assist companies yet to develop a marketable product 

V = States with venture capital programs to assist developing companies with established business plans and commercially feasible projects 


‘Formation year can be that of a predecessor organization so long as the S&T activities of the successor organization(s) remained substantially unchanged 
Date can be considered as year of state’s initial involvement in S&T development. 


“In some states there is more than one major agency responsible for S&T development. 


SOURCES: Technology Administration, U.S. Department of Commerce, Clearinghouse for State and Local Initiatives in Productivity, Technology, and Innovation 
unpublished tabulations (data as of August 1991); supplemental information from Paul Phelps, ADD, Inc.. Alexandria, VA, personal communication. 


See figure 4-13. Science & Engineering Indicators - 1991 
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Appendix table 4-25. 
State agency expenditures from state funds for R&D and R&D plant: 1977 and 1988 
R&D expenditures R&D plant R&D expenditures R&D plant 
1977 1988 1977 1988 1977 1988 1977 1988 
———— Thousands of current dollars Thousands of constant 1982 dollars’ 

TOTAL, ALL STATES 197,561 769,264 8,149 198.681 293,640 634,026 12.112 163.753 
Alabama ................... 385 1,047 33 0 572 863 49 0 
Alaska..................... 3,612 6,927 175 256 5,369 5,709 260 211 
Arizona .................... 429 670 27 42 638 552 40 35 
Arkansas .................... 211 1,027 41 0 314 846 61 0 
California................... 23,659 53,305 81 1,215 35,165 43,934 120 1,001 
Colorado ................... 1,609 1,416 5 0 2,391 1,167 7 0 
Connecticut ................. 2,300 8,358 321 1,220 3,419 6,889 477 1,006 
Delaware................... 202 2,511 22 0 300 2,070 33 0 
Florida..................... 7,374 13,736 1,254 365 10,960 11,321 1.864 301 
Georgia.................... 1,251 8,992 0 0 1,859 7,411 0 0 
Ns 4.440% 44400464664040446-4 2,298 2,994 497 6,160 3,416 2,468 739 5.077 
MD £404444444446400444004 595 961 0 0 884 792 0 0 
(ee 10,563 42,705 432 1,533 15,700 35,197 642 1,263 
Indiana’ .................... 2,658 8,050 12 0 3,951 6,635 18 0 
SL 6 404646644 4404606 b4464444 1,179 7,800 63 0 1,752 6,429 94 0 
Kansas .................... 987 7,621 0 56 1,467 6,281 0 46 
Kentucky ................... 5,418 6,733 1,511 3,405 8.053 5,549 2,246 2,806 
Louisiana................... 4,450 2,799 478 267 6,614 2,307 710 220 
Maine ..................... 666 2,556 4 404 990 2,107 6 333 
Maryland ................... 7,606 172,148 97 3,684 11,305 141,884 144 3,036 
Massachusetts............... 1,839 6,027 236 0 2,733 4,967 351 0 
Michigan ................... 4,797 15,192 114 51 7,130 12,521 169 42 
Minnesota .................. 2,987 6,160 48 488 4.440 5,077 71 402 
Mississippi?.................. 909 2,428 0 0 1,351 2,001 0 0 
Missouri ................... 634 955 107 23 942 787 159 19 
Montana ................... 1,783 3,166 4 394 2,650 2,609 6 325 
Nebraska................... 252 1,483 14 0 375 1,222 21 0 
ME occ c cree ccccccs 199 1,806 1 0 296 1,489 1 0 
New Hampshire .............. 270 0 21 0 401 0 31 0 
New Jersey ................. 2,060 21,006 60 23,020 3,062 17,313 89 18,973 
New Mexico................. 2,380 34,110 255 2,790 3,537 28,113 379 2,300 
New York .................. 64,298 194,336 441 137,570 95,568 160,171 655 113,385 
North Carolina ............... 5,076 10,782 65 1,474 7,545 8,887 97 1,215 
North Dakota ................ 1,077 906 99 4 1,601 747 147 3 
DT géBN S440 0044540406085 5,302 29,361 11 606 7,880 24,199 16 499 
Oklahoma .................. 643 604 12 317 956 498 18 261 
Oregon ...............0004. 1,750 1,992 90 0 2,601 1,642 134 0 
Pennsylvania................ 5,712 35,592 4 3,084 8,490 29,335 6 2,542 
Rhode Island ................. 491 1,024 100 10 730 844 149 8 
South Carolina............... 2,189 4,616 680 2,262 3,254 3,805 1,011 1,864 
South Dakota................ 872 1,471 0 168 1,296 1,212 0 138 
Tennessee ................. 518 2,313 1 0 770 1,906 1 0 
SET 04404900440460 0600006 4,914 10,952 70 7 7,304 9,027 104 6 
SE 84:60406040444406008 004% 803 968 255 50 1,194 798 379 41 
DE cesceccsessasesseas 100 300 0 0 149 247 0 0 
ED 42044 500460400002668 2,959 10,475 346 256 4,398 8,633 514 211 
Washington ................. 2,637 12,480 23 7,450 3,919 10,286 34 6,140 
West Virginia ................ 227 324 0 0 337 267 0 0 
DEED 460 0se2ederacteces 2,251 5,783 31 50 3,346 4,766 46 41 
i.) +3 6:5200000242054 180 296 8 0 268 244 12 0 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
*Expenditures only for the state’s lead science and technology or research and development agency. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Research and Development in State and Local Governments, Fiscal Year 
1977, NSF 79-327 (Washington, DC: NSF, 1979); and SRS, Research and Development Expenditures of State Government Agencies: Fiscal Years 1987 and 1988. 


NSF 90-309 (Washington, DC: NSF, 1990). 
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Appendix table 4-26. 
international R&D expenditures and R&D as a percentage of GNP: 1961-89 
R&D expenditures’ R&D expenditures as a percentage of GNP 
United West United United West United 
States Japan Germany France’ Kingdom italy Sweden States Japan Germany France Kingdom Italy Sweden 
— Billions of constant 1982 dollars . Percent 
1961....... 45.8 3.9 NA 3.2 8.1 NA NA 2.7 1.4 NA 1.4 2.5 NA NA 
1962....... 48.2 44 42 3.6 NA NA NA 2.7 1.5 1.2 1.5 NA NA NA 
* 1963....... 52.6 49 49 4.0 NA 1.5 NA 2.8 1.5 1.4 1.6 NA 0.6 NA 
1964....... 57.2 5.5 5.8 5.0 8.4 NA 0.7 2.9 1.5 1.6 1.8 2.3 NA 1.2 
1965....... 59.4 6.1 6.7 5.8 NA 1.6 NA 2.8 1.6 1.7 2.0 NA 0.7 NA 
1966....... 62.6 6.6 7.3 6.3 8.8 NA NA 2.8 1.5 1.8 2.1 2.3 NA NA 
1967....... 64.4 7.6 7.9 6.8 8.9 2.0 0.8 2.8 1.6 2.0 2.2 2.3 0.7 1.3 
1968....... 65.5 9.0 8.4 7.0 9.1 2.3 NA 2.8 1.7 2.0 2.1 2.2 0.8 NA 
1969....... 64.7 10.5 8.3 7.1 9.4 2.6 0.8 2.7 1.7 1.8 2.0 2.3 0.8 1.3 
1970....... 62.4 12.6 10.1 7.5 NA 3.0 NA 2.6 1.9 2.1 1.9 NA 0.9 NA 
1971....... 60.4 13.5 11.0 7.8 NA 3.1 1.1 2.4 1.9 2.2 1.9 NA 0.9 1.5 
1972....... 61.4 14.9 11.5 8.0 9.3 3.2 NA 2.4 1.9 2.2 1.9 2.1 0.9 NA 
1973....... 62.4 16.3 11.4 8.0 NA 3.3 1.2 2.3 2.0 2.1 1.8 NA 0.8 1.6 
1974....... 61.5 16.6 11.6 8.3 NA 3.2 NA 2.2 2.0 2.1 1.8 NA 0.8 NA 
1975....... 59.9 16.8 12.0 8.3 10.1 3.5 1.4 2.2 2.0 2.2 1.8 2.1 0.9 1.7 
1976....... 62.1 17.5 12.2 8.5 NA 3.4 NA 2.2 2.0 2.1 1.8 NA 0.9 NA 
1977....... 63.7 18.2 12.5 8.7 NA 3.6 1.5 2.2 2.0 2.1 1.8 NA 0.9 1.8 
1978....... 66.8 19.3 13.5 9.0 11.1 3.5 NA 2.1 2.0 2.2 1.8 2.2 0.8 NA 
1979....... 70.1 21.2 15.2 9.6 NA 3.7 1.6 2.2 2.1 2.4 1.8 NA 0.8 1.9 
1980....... 73.3 23.4 15.5 9.9 NA 3.9 NA 2.3 2.2 2.4 1.8 NA 0.9 NA 
Farr 76.6 258 16.1 10.9 12.2 4.6 2.0 2.4 2.3 2.5 2.0 2.4 1.0 2.4 
1982....... 80.0 27.7 16.5 11.7 NA 48 NA 2.5 2.4 2.6 2.1 NA 1.1 NA 
1983 ....... 85.8 30.1 16.0 12.0 11.9 5.1 2.3 2.6 2.6 2.5 2.1 2.2 1.1 2.6 
1984....... 93.8 32.6 17.0 12.7 NA 5.5 NA 2.7 2.6 2.6 2.2 NA 1.0 NA 
1985....... 102.5 36.1 18.8 13.1 12.8 6.3 2.8 2.8 2.8 2.8 2.3 2.3 1.1 3.0 
ere 104.9 36.5 19.3 13.3 13.5 6.5 NA 2.8 2.8 2.8 2.2 2.4 1.1 NA 
1987....... 106.6 39.1 20.2 13.8 13.6 7.1 3.0 2.8 2.8 2.9 2.3 2.3 1.2 3.0 
1988....... 110.2 42.0 20.6 14.4 13.5 8.2 NA 2.7 2.9 2.9 2.3 2.2 1.3 NA 
1989....... 111.1 45.9 21.9 15.0 13.2 8.2 2.9 2.7 3.0 2.9 2.3 2.0 1.3 2.8 


NA = not available 


‘Conversions of foreign currencies to U.S. dollars are calculated with Organisation for Economic Cooperation and Development purchasing power parity exchange 
rates. Constant 1982 dollars are based on U.S. Department of Commerce GNP implicit price deflators. 


*French data are based on gross domestic product (GDP): consequently, percentages may be slightly overstated compared to GNP. 


SOURCE: Science Resources Studies Division, National Science Foundation, /nternational Science and Technology Data Update (Washington, DC: NSF, ongoing 
series). 


See figures O-1 and O-2 in Overview. Science & Engineering Indicators — 1991 
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Appendix table 4-27. 
international nondefense R&D expenditures and nonuefense R&D as a percentage of GNP: 1971-89 

Nondefense R&D expenditures’ Nondefense R&D expenditures as a percentage of GNP 

United West United United West United 
States Japan Germany France* Kingdom italy Sweden States Japan Germany France’ Kingdom Italy Sweden 
————— Billions of constant 1982 dollars Percent 

1971....... 418 133 10.2 6.0 NA 3.1 NA 1.7 1.9 2.0 1.5 NA 0.9 NA 
1972....... 42.1 14.8 10.8 6.3 6.9 3.2 NA 1.6 1.9 2.1 1.5 1.5 0.9 NA 
1973....... 43.8 162 10.6 6.2 NA 3.2 NA 1.6 2.0 1.9 1.4 NA 0.8 NA 
1974....... 442 165 10.9 6.6 NA 3.1 NA 1.6 2.0 2.0 1.4 NA 0.8 NA 
1975....... 43.1 16.7 10.9 6.7 7.2 3.5 1.2 1.6 2.0 2.1 1.5 1.5 0.9 1.4 
1976....... 453 174 11.5 6.9 NA 3.4 NA 1.6 2.0 2.0 1.4 NA 0.8 NA 
1977....... 46.0 18.1 11.8 7.1 NA 3.5 1.2 1.6 2.0 2.0 1.4 NA 0.9 1.5 
1978....... 488 19.1 12.7 7.2 8.0 3.4 NA 1.6 2.0 2.1 1.4 1.6 0.8 NA 
1979....... 524 21.1 14.4 7.5 NA 3.7 1.4 1.6 2.1 2.3 1.4 NA 0.8 1.7 
1980....... 55.6 23.3 14.7 7.7 NA 3.9 NA 1.7 2.2 2.3 1.4 NA 0.8 NA 
1981....... 56.9 25.7 15.4 8.2 8.7 44 1.9 1.8 2.3 2.4 1.5 1.7 1.0 2.2 
1982....... 57.9 27.5 15.8 9.1 NA 46 NA 1.8 2.4 2.5 1.6 NA 1.0 NA 
1983....... 648 29.9 15.3 9.4 8.5 4.9 2.1 1.9 2.5 2.4 1.7 1.6 1.1 2.4 
1984....... 66.7 324 16.2 9.9 NA NA NA 1.9 2.6 2.5 1.7 NA NA NA 
1985....... 72.2 35.9 17.9 10.5 9.1 6.0 2.5 2.0 2.8 2.7 1.8 1.6 1.1 2.6 
1986....... 725 36.2 18.3 10.6 10.1 6.2 NA 1.9 2.8 2.7 1.8 1.7 1.1 NA 
1987....... 73.4 388 19.2 10.8 10.7 6.7 2.7 1.9 2.8 2.8 1.8 1.8 1.2 2.7 
1988....... 77.1 = 41.7 19.7 11.2 10.9 7.7 NA 1.9 2.9 2.7 1.8 1.7 1.3 NA 
79.0 45.5 20.9 11.8 10.4 7.7 2.6 1.9 3.0 2.8 1.8 1.6 1.2 2.5 


NA = not available 


‘Nondefense expenditures are estimated here as total R&D expenditures—generally as reported by the R&D performers (see appendix table 4-26)—minus goverment 
R&D funds for defense purposes (see appendix table 4-30)—generally taken from national budget documents; that is, as reported by the R&D funders. Conversions 
of foreign currencies to U.S. dollars are calculated with Organisation for Economic Cooperation and Development purchasing power parity exchange rates. Constant 
1982 dollars are based on U.S. Department of Commerce GNP implicit price deflator. 

“French data are based on gross domestic product (GDP); consequently, percentages may be slightly overstated compared to GNP. 

SOURCE: Science Resources Studies Division, National Science Foundation, /nternational Science and Technology Data Update (Washington, DC: NSF. ongoing 
series). 

See figure 4-15 and figures O-2 and O-3 in Overview. Science & Engineering Indicators — 1991 
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international comparison of R&D expenditures, by source of funds and sector of 
performance for selected countries: 1975 and 1989 
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West 


Germany 


United 
Kingdom 


Source of funds 


Government .................. 
0 eee 
Higher education............... 
BP cece cece ce cecccccece 


Billions of constant 


1982 dollars .................. 


Government .................. 
Industry ..................-4. 
Higher education............... 
BE o wavcceesesesesencswces 


Billions of constant 


1982 dollars ...... 


Percent 


100 


100 


$21.9 


Government .................. 
Industry ...............02005. 
Higher education............... 
6 4 444440 6444064044480 00.4 


Billions of constant 


1982 dollars .............. 


1989° 


Total............. 


EE 2.6 664-6.565 6.0.0-469244.048% 


Ss 5 0404604444464 6004 444% 


Billions of constant 


1982 dollars .......... 


Percent 


100 


* = less than 0.5 percent 


NOTE: Percentages may not sum to 100 because of rounding. 
‘Private nonprofit institutions. 
*French data for 1989 are NSF estimates; United Kingdom data are for 1988. 


SOURCE: Science Resources Studies Division, National Science Foundation, /nternational Science and Technology Data Update (Washington, DC: NSF, ongoing 


series). 
See figure 4-14. 
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Appendix table 4-29. 
Basic research expenditures as a percentage of total R&D, by country: 1975-88 

United West United 

States Japan Germany France Kingdom Italy Sweden 

————— eer — Percent 

1975. ..........20.02.0..02.22-2.. 13 12 26 NA 14 20 NA 
vac caues 4 oo eek eed beeen eas 13 15 25 NA 13 20 NA 
eee 13 15 25 21 13 20 18 
1978.............0...0..02..... 14 16 22 NA 13 19 NA 
Ws oosen ca ben ewe ersaeuseaes 14 15 21 21 13 16 18 
1980...........0.20....0....40.. 13 14 21 21 13 15 NA 
1981...........0.0.0.0.0 00.2.2... 13 13 22 21 13 15 23 
1982...........2...2....0...2... 13 13 21 21 NA 15 NA 
SR c4 0454 ae eke eek hd pane kcues 13 13 21 21 NA 16 NA 
1984..........2.20.2.2............ 13 13 NA 20 NA 16 NA 
ee 12 12 18 20 NA 16 20 
i 266466464669 4oCNR teehee Ses 14 13 NA 20 NA 17 NA 
Me +aceéeas eves ceevedevesvee 14 13 19 20 NA NA 23 
i? stneuudenee ones sticesss 4-4 14 13 NA 23 NA NA NA 


NA = not available 


NOTES: Data for basic research are somewhat less reliable than those for total R&D expenditures. Each percentage generally relates to the total current R&D 
expenditures; for countries other than the United States. this may include some general university funds. Data for France and the United Kingdom are estimated for 


certain years. 
SOURCE: Science Resources Studies Division, National Science Foundation, /nternational Science and Technology Data Update (Washington, DC: NSF. ongoing 
series). 
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Appendix table 4-30. 
Distribution of government R&D budget appropriations, by socioeconomic objective: 1984 and 1989 
United States Japan West Germany France United Kingdom 
Objective 1984 1989 1984 1989 1984 1989 1984 1989 '984 1989 
——— Percent 
GR 65.6050 48604 6555004004005 40 84 100.0 100.0 1000 1000 1000 1000 1000 100.0 100.0 100.0 
Agriculture, forestry, andfishing........... 2.2 1.9 10.9 3.7 2.4 2.1 47 4.1 5.0 45 
Industrial development.................. 0.2 0.2 6.1 46 11.6 12.8 11.7 13.3 8.5 8.5 
Ss £0:4944069. 400040000040 445 6045-48 5.8 3.9 14.0 22.2 15.0 6.4 7.9 3.5 5.3 3.3 
ee 2.5 1.8 2.5 1.7 2.2 2.0 3.5 0.9 48 1.5 
Transportation & telecommunications.... . 2.4 1.7 1.4 1.4 1.1 0.5 2.2 NA 0.5 0.3 
Urban and rural planning.............. 0.1 0.1 1.1 0.3 1.1 1.5 1.3 NA 1.0 1.2 
Environmental protection ...........:.... 0.5 0.5 1.4 0.4 2.8 3.4 0.5 0.7 1.2 1.3 
PPT Te errerrrrrrerr Tere 11.3 12.9 2.5 2.7 3.2 3.5 3.8 3.3 3.5 5.1 
Social development and services .......... 1.0 1.1 0.7 1.0 2.4 2.5 1.4 0.5 0.7 2.2 
Earth and atmosphere .................. 1.2 1.0 1.1 1.0 2.2 2.2 2.0 1.6 1.7 2.4 
Advancement of knowledge .............. 3.8 3.8 53.5 51.1 44.4 46.7 26.5 27.1 196 224 
Advancement of research............. 3.8 3.8 1.7 78 11.4 13.9 16.2 15.5 5.1 48 
General university funds .............. a _ 51.8 43.3 33.0 32.8 10.3 11.6 146 176 
ED 50 6600620600 260006646050080% 5.2 7.3 44 6.3 3.9 5.7 5.8 7.7 2.2 3.1 
DED 0.04 06040504400 4000008 8000488 66.2 65.5 2.8 5.1 9.8 12.8 31.3 37.0 494 455 
Not elsewhere classified................. 0.0 0.0 0.0 0.0 0.0 0.1 0.9 0.4 1.8 0.3 


NA = not separately available but included in subtotal 

— = the United States does not have an equivalent to Europe's and Japan's general university funds 

NOTES: Percentages may not sum to 100 because of rounding. U.S. data are based on budget authority. Because of general university funds and slight differences 
in accounting practices, the distribution of government budgets among socioeconomic objectives may not completely reflect the actual distribution of government- 
funded research in particular fields. Japanese data are based on science and technology budget data, which include items other than R&D. Such items are a small 
proportion of the budget, and therefore the data may still be used as an approximate indicator of relative government emphasis on R&D by objective. 

SOURCE: Science Resources Studies Division, National Science Foundation, international Science and Technology Data Update (Washington, DC: NSF, ongoing 
series). 

See text table 4-7. Science & Engineering indicators - 1991 


Appendix table 4-31. D 

Company-financed R&D performed outside the United States by U.S. companies and their foreign subsidiaries, by industry: 1974-89 g 

® 

Industry 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 “4 

Millions of current U.S. dollars S 

TOTAL.......................... 1300 1,454 # 1,659 1.877 2,209 2.754 3,165 3,393 3,094 3,269 3.633 3.650 4624 5226 6,295 6519 e 

Food, kindred, and tobacco products’. . . . 27 23 29 32 43 51 54 62 64 63 70 75 69 37 27 34 & 

=) 

Q 

Chemicals and allied products........ . 208 269 312 332 395 500 603 715 682 729 786 843 1071 1,243 1,501 1,287 5 

industrial and other chemicals... .. . . 82 85 108 133 151 199 246 287 319 368 385 444 579 625 781 473 S 

Drugs and medicines............. 126 184 204 199 244 301 357 428 363 361 401 399 492 618 720 814 . 

Petroleum refining and extraction... ... . . : . . , 141 194 133 103 101 447 #42440 47 «#58 46 © 
Stone, clay, and glass products........ 7 7 , . * NA 21 18 10 19 60 D D D D D 
Primary metals.................... 3 9 12 9 9 11 11 9 9 10 9 D D 18 24 = 23 
Fabricated metal products............ . * 22 24 29 NA NA 30 25 23 21 21 26 40 D D 
ee 258 331 352 411 460 534 599 612 494 577 740 689 951 1.233 1,364 1,455 
Electrical equipment . ee 238 245 278 300 352 445 451 475 467 482 537 591 S 432 669 615 
Radio and TV receiving equipment . - NA NA NA NA NA NA NA NA NA NA NA D D 0 D D 
Communication equipment......... NA NA NA NA NA NA NA NA NA NA D D D 188 339 278 
Electronic components............ 4 7 9 13 17 25 29 40 38 NA 92 117 150 204 278 245 
Other electrical equipment ......... NA NA 6 5 9 11 11 39 43 38 30 24 25 39 D D 
Transportation equipment . fceees 406 412 464 558 640 874 1,020 884 843 880 907 1,025 D D 1,801 2,101 

Motor vehicles & other transportation 
equipment................... 364 373 423 514 NA NA NA NA NA NA D D D D 1,469 1,491 
Aircraft and missiles.............. 42 39 41 44 NA NA NA NA NA NA D D 182 237 332 610 
Professional and scientific instruments . . . 39 49 69 81 121 156 186 230 237 NA 263 169 212 317 393 441 
Other manufacturing industries......... 111 105 137 144 181 213 139 156 123 92 131 125 141 138 145 166 
Nonmanufacturing industries.......... 3 = “ 9 12 5 7 8 7 10 8 18 27 64 95 89 
Millions of cunstant 1982 U.S. dollars 

errr rrr T TTT Te 2,409 2452 2,630 2,790 3,059 3,505 3,692 3,611 3,094 3.148 3.372 3.290 4063 4450 5,188 5,161 


D = withheld to avoid disclosing operations of individual companies 
S = withheld because of imputation of more than 50 percent 

* = included in the other manufacturing industries group 

NA = not separately available, but included in totals 


‘Until 1984, the tobacco products category, Standard Industrial Classification code 21, was included in the other manufacturing industries group 


*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCES: Science Resources Studies Division, National Science Foundation, Research and Development in Industry (Washington, DC: NSF. ongoing series); and unpublished tabulations 
See figure 4-16. Science & Engineering Indicators — 1991 


Appendix table 4-32. 
Foreign R&D expenditures in the United States, by industry and country: 1977-88 


Industry and country 


1978 


1979 


1981 1982 1983 


1984 


Food and kindred products 
Chemicals and allied products ._. . 
Industrial chemicals 


Primary metai industries 
Fabricated metal products 
Machinery, except electrical 

Office and computing machines . 


“see ee ee ee ee eee ee ee ee 


“_**e ee © © © ee ee ee ee ee 


1230 1,584 1,946 


1,099 
158 
16 
604 
234 
194 
176 
11 
16 
94 
NA 
NA 
131 
4 
18 


1,703 


1,450 


149 
14 
773 


2,016 


Millions of current U.S. dollars 


3.110 3,744 4,164 


2,898 3,388 3,863 
253 255 310 
32 39 ce 
1,580 1,870 2,037 
1,085 1,329 1,397 
316 371 459 
179 170 181 
71 79 59 
20 28 82 
284 297 350 
NA NA NA 
NA NA NA 
385 505 613 
136 150 92 
52 47 42 


212 356 301 
43 41 51 
169 315 250 


777 =°1,032 1,212 
' 2,324 
204 232 215 
436 529 591 
373 397 387 
53 54 62 
416 447 463 
405 520 559 
49 50 47 
142 141 171 
D D 401 

D D 56 


rm 
& 


4.738 


4,424 


366 
43 


2,349 
1,620 


529 


210 
423 
68 


Millions of constant 1982 U.S. dollars’ 
2.270 3,310 3,744 4,009 4,398 


D = withheld to avoid disclosing operations of individual companies 

NA = not available 

NOTE: Includes foreign direct investments of nonbank U.S. affiliates only. 
‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: U.S. Bureau of Economic Analysis, Foreign Direct Investment in the United States (Washington, DC: BEA, ongoing series) 
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Appendix t=le 5-1. 
Expenditures for academic basic research, applied research, and development: 1960-91 

Total Total 

academic Basic Applied Develop- academic Basic Applied Develop- Basic Applied Develop- 
R&D research research ment R&D research research ment research research ment 
—_——— Millions of current dollars —— Millions of constant 1982 dollars’ Percentage of total 

1960....... 646 433 179 34 2,077 1,392 575 109 67.0 27.7 53 
1961....... 763 536 192 35 2.427 1,705 611 111 70.2 25.2 46 
1962....... 904 659 205 40 2.825 2,060 641 125 729 22.7 44 
1963....... 1,081 814 227 40 3,318 2,498 697 123 75.3 21.0 3.7 
1964....... 1,275 1,003 232 40 3,858 3,035 702 121 78.7 18.2 3.1 
1965....... 1,474 1,138 279 57 4368 3,372 827 169 77.2 18.9 3.9 
1966....... 1,715 1,303 328 84 4937 3,751 944 242 76.0 19.1 49 
1967....... 1,921 1,457 374 90 5.347 4,056 1,041 251 75.8 19.5 47 
eee 2,149 1,650 403 96 5.778 4,437 1,084 258 76.8 18.8 45 
1969....... 2,225 1,711 407 107 5.677 4,365 1,038 273 76.9 18.3 48 
1970....... 2,335 1,796 427 112 5.629 4,329 1,029 270 76.9 18.3 48 
ee 2,500 1,914 474 112 5.726 4,384 1,086 257 76.6 19.0 45 
ee 2,630 2,022 524 84 5.710 4,390 1,138 182 76.9 19.9 3.2 
7B. ...... 2,884 2,053 713 118 5.965 4,246 1.475 244 71.2 24.7 4.1 
Dhe ¢ s.a-05 5 3,022 2,153 736 133 5,794 4.128 1,411 255 71.2 244 44 
1975....... 3,409 2,410 851 148 5.926 4,190 1,479 257 70.7 25.0 43 
ae 3,729 2,549 1,016 164 6.007 4,106 1,637 264 68.4 27.2 44 
1977....... 4,067 2,800 1,067 200 6,067 4,177 1,592 298 68.8 26.2 49 
1978....... 4,625 3,176 1,213 236 6.449 4428 1,691 329 68.7 26.2 5.1 
1979....... 5,380 3,628 1,477 275 6.907 4,657 1,896 353 67.4 275 5.1 
1980....... 6,077 4,041 1,698 338 7,171 4,769 2,004 399 66.5 279 5.6 
Sl 226466 6,846 4,596 1,865 385 7,345 4,931 2,001 413 67.1 27.2 5.6 
Sle 664.044 7,323 4,882 2,037 404 7,323 4882 2,037 404 66.7 278 5.5 
1983....... 7,877 5,304 2,146 427 7,557 5089 2,059 410 67.3 27.2 5.4 
1984....... 8,617 5,735 2,459 423 7,965 5,301 2,273 391 66.6 28.5 49 
1985....... 9,686 6,559 2,673 454 8.684 5,881 2,397 407 67.7 27.6 47 
1986....... 10,926 7,495 2,911 520 9542 6545 2,542 454 68.6 26.6 48 
1987....... 12,153 8,398 3,168 587 10.296 7,115 2,684 497 69.1 26.1 48 
1988....... 13,465 8,827 3,993 645 11,072 7,258 3,283 530 65.6 29.7 48 
1989....... 14,987 9,685 4,581 721 11,825 7,642 3,614 569 64.6 30.6 48 
1990 (est.). .. 16,000 10,350 4,845 805 12,137 7,851 3,675 611 64.7 30.3 5.0 
1991 (est.). .. 17,200 11,100 5,220 880 12,495 8,064 3,792 639 64.5 30.3 5.1 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1990. NSF 90-316 (Washington, DC: 
NSF, 1990); and unpublished tabulations. 
See figure 5-1. Science & Engineering Indicators - 1991 
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Appendix table 5-2. 
Support for academic R&D, by sector: 1960-91 
(page 1 of 2) 

Federal State/local Academic All other 
Fiscal year Total Government government Industry institutions sourr 2s 

Millions of current dollars 
eee 646 405 85 40 64 52 
1961............ 763 500 95 40 70 58 
1962............ 904 613 106 40 79 66 
1963............ 1,081 760 118 41 89 73 
1964............ 1,275 917 132 40 103 83 
1965............ 1,474 1,073 143 41 124 93 
1966............ 1,715 1,261 156 42 148 108 
rs 1,921 1,409 164 48 181 119 
1968............ 2,149 1,572 172 55 218 132 
1969............ 2.225 1,600 197 60 223 145 
1970........... 2,335 1,647 219 61 243 165 
re 2,500 1,724 255 70 274 177 
1972............ 2.630 1,795 270 74 305 187 
1973............ 2,884 1,985 295 84 318 202 
1974............ 3,022 2,032 307 95 370 219 
1975............ 3,409 2,288 332 113 417 259 
ere 3,729 2,512 364 123 446 285 
a eee 4.067 2.726 374 139 514 314 
1978 ........... 4,625 3,059 412 170 625 359 
1979............ 5,380 3,604 476 194 738 368 
1980............ 6,077 4.104 496 236 837 403 
ee 6,846 4,565 546 291 1,008 436 
Ss 646 60046.64% 7,323 4.763 616 337 1,115 492 
rere 7,877 4,983 626 388 1,303 577 
- ee 8,617 5,423 690 475 1,413 615 
Sh 66440045465 9,686 6,056 754 559 1,622 695 
Se 10,926 6,702 916 699 1,873 735 
Bs 6.0645600288% 12,153 7,333 1,024 789 2,176 831 
1988............ 13,465 8,181 1,107 870 2.367 941 
1989............ 14,987 8,972 1,239 984 2,710 1,083 
1990 (est.))....... 16,600 9,250 1,396 1,100 3,054 1,200 
1991 (est.)). 22... 17,200 9,650 1,553 1,250 3,397 1,350 
wn Millions of constant 1982 dollars’ 

1960............ 2,077 1,302 273 129 206 167 
1961............ 2,427 1,590 302 127 223 184 
1962............ 2,825 1,916 331 125 247 206 
ee 3,318 2,332 362 126 273 224 
1964............ 3,858 2,775 399 121 312 251 
1008............ 4,368 3,179 424 121 367 276 
1966............ 4,937 3.630 449 121 426 311 
1967............ 5,347 3,922 457 134 504 331 
1968............ 5,778 4,227 462 148 586 355 
1969............ 5,677 4,082 503 153 569 370 
1970............ 5,629 3,970 528 147 586 398 
1971............ 5,726 3,949 584 160 628 405 
1972............ 5,710 3,897 585 161 662 406 
1973............ 5,965 4,106 609 174 658 418 
1974............ 5,794 3,896 588 182 709 420 
1975. ........... 5,926 3,978 577 196 726 450 
1976............ 6,007 4,046 586 198 718 459 
1977... 0... ee, 6,067 4,067 558 207 767 468 
OT oda ccecesev 6,449 4,265 574 237 871 501 
1979............ 6,907 4.627 612 249 947 472 


(continued) 


Appendix table 5-2. 
Support for academic R&D, by sector: 1960-91 
(page 2 of 2) 
Federal State local Academic All other 
Fiscal year Total Government governmeni industry iNStitutions sources 
- Millions of constant 1982 dollars 
0 |e 6,907 4.627 612 249 947 472 
aes 7,171 4.843 586 278 988 476 
1981........... 7,345 4.898 586 312 1,082 468 
eee 7,323 4.763 616 337 1,715 492 
ee 7,557 4.781 600 372 1,250 554 
eee 7,965 5.012 638 439 1,306 568 
Be: ¢-wecewe ces 8,684 5.430 676 501 1.454 623 
eee 9,542 5.853 800 610 1.636 642 
A eee 10,296 6.213 868 668 1.843 704 
1008. ........-- 11,072 6.727 910 715 1,946 774 
se 11,825 7,079 978 776 2.138 854 
1990 (est.)’)...... 12,137 7,017 1,059 834 2.316 910 
1991 (est.)’...... 12,495 7,010 1,128 908 2,467 981 
Percent 
1960........... 100 62.7 13.2 6.2 99 8.0 
1961........... 100 65.5 12.5 5.2 92 76 
1962........... 100 67.8 11.7 44 8.7 7.3 
1963........... 100 70.3 10.9 3.8 8.2 68 
Ds scceveeees 100 71.9 10.4 3.1 8.1 6.5 
1965........... 100 728 97 28 84 6.3 
1966...... ee 100 73.5 9.1 24 86 63 
1967........... 100 73.3 8.5 25 94 6.2 
1968........... 100 73.2 8.0 26 10.1 6.1 
1969........... 100 71.9 8.9 2.7 10.0 6.5 
1970........... 100 70.5 94 26 10.4 7.1 
is 6665%06e0% 100 69.0 10.2 28 11.0 7.1 
1972........... 100 68.3 10.3 28 11.6 7.1 
ee 100 68.8 10.2 29 11.0 7.0 
Ee occvsevece 100 67.2 10.2 3.1 12.2 7.2 
ae 100 67.1 97 3.3 12.2 76 
1976........... 100 67.4 98 3.3 11.9 76 
Gres ccccce a 100 67.0 92 34 12.6 7.7 
1978’ ........... 100 66.1 8.9 3.7 13.5 78 
Ge cesccncens 100 67.0 8.9 3.6 13.7 6.8 
1980........... 100 67.5 8.2 3.9 13.8 6.6 
PPP 100 66.7 8.0 43 14.7 64 
1982........... 100 65.0 84 46 15.2 6.7 
1983........... 100 63.3 79 49 16.5 7.3 
Ge cc ccsccses 100 62.9 8.0 5.5 16.4 7.1 
1985. .......... 100 62.5 78 58 16.7 72 
Ge cccccceccee 100 61.3 6.4 6.4 17.1 6.7 
1987........... 100 60.3 84 6.5 17.9 6.8 
1988........... 100 60.8 8.2 6.5 17.6 7.0 
1989...... iene 100 59.9 8.3 6.6 18.1 72 
1990 (est.)'...... 100 57.8 8.7 6.9 19.1 75 
1991 (est.)’...... 100 56.1 9.0 7.3 19.7 78 


‘Relative amounts of funds trom state and local governments and trom academic institutions are estimated from previous year's ratio 
"See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division, National Science F oundation. Academic Science Engineering R&D Expenditures. Fiscal Year 1989. 
NSF 90-321. Detailed Statistical Tables (Washington. DC: NSF, 199"). and annual series 


See figures 5-1 and 5-2 and figure O-19 in Overview Science & Engineering indicators - 1991 
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Appendix table 5-3. 
Sources of R&D funds at private and public institutions, by sector: 1980 and 1989 
State and 
Type of Federal local Academic Other 
institution Total Government government Industry institutions sources 
aa Thousands of dollars --_--— 
1980 
Private....... 2,213,087 1,744,398 44,048 94,954 164,580 165,107 
Public ....... 3,863,626 2,359,777 452,239 141,399 672,385 237,826 
1989 
Private....... 5,164,603 3,787,343 125,730 358,983 454,901 437,648 
Public ....... 9,822,676 5,185,125 1,113,379 624,591 2,254,690 644,891 
— “= --——----------.-----—-— Percent - --- 
1980 
Private....... 100.0 78.8 2.0 4.3 7.4 7.5 
Public ....... 100.0 61.1 11.7 3.7 17.4 6.2 
1989 
Private....... 100.0 73.3 2.4 7.0 8.8 8.5 
Pais ....... 100.0 52.8 11.3 6.4 23.0 6.6 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series. 
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Appendix table 5-4. 
R&D expenditures at the top 100 universities and colleges, by source of funds: 1989 
(page 1 of 3) 
Institu- State and 
tional Federal local Academic All other 
Academic institutions’ ranking category Total Gov't gov't Industry institutions sources 
— Thousands of dollars ———_-_-- —_ ——— 
Total, all institutions’'.................... 14,556,179 8,550,551 1,238,860 983,574 2,700,657 1,082,539 
1 Massachusetts Institute of Technology ...... Private 287,157 215,140 3,211 39,650 6,632 22,464 
2 Cornell University..................... Private 286,733 157,984 40,405 16,627 49,157 22,560 
3 Stanford University.................... Private 285,994 238,650 392 13,764 14,261 18,927 
4 University of Wisconsin-Madison .......... Public 285,982 169,452 49.054 11,035 37,916 18,525 
5 University of Michigan.................. Public 280,905 174,875 2,533 22,023 61,626 19,848 
6 University of Minnesota................. Public 258,614 132,880 42,542 12,389 43,713 27,090 
7 Texas A & M University-all campuses....... Public 250,706 93,584 65,179 21,204 63,053 7,686 
8 University of California-Los Angeles........ Public 227,828 159,002 3,479 7,548 32,975 24,824 
9 University of Washington................ Public 221,712 182,453 3,795 19,135 13,181 3,148 
10 Pennsylvania State University- 
allcampuses ....................... Public 219,930 114,646 8,907 30,256 66,036 85 
Total, ist 10 institutions ...... .......... 2,605,561 1,638,666 219,497 193,631 388,610 165,157 
11 University of California-San Francisco. ...... Public 219,446 159,906 8,770 6,226 24,269 20,275 
12 Johns Hopkins University)............... Private 217,295 168,267 2,087 11,013 17,577 18,351 
13 University of California-San Diego ......... Public 216,991 171,479 3,288 6,824 19,057 16,343 
14 University of Iilinois-Urbana.............. Public 210,590 114,398 25,838 15,785 47 336 7,233 
15 University of California-Berkeley........... Public 209,967 124,371 7,154 8,480 59.984 9,978 
16 Harvard University .................... Private 209,519 143,451 1,135 10,461 16,602 37,870 
17 University of Texas-Austin............... Public 193,337 94,311 15,724 2,694 64,591 16,017 
18 University of California-Davis............. Public 180,297 72,718 10,322 8,039 79,601 9.617 
19 Georgia Inst. of Technology-all campuses. . . Public 174,664 98,048 1,093 21,346 54,177 0 
20 University of Arizona................... Public 174,119 80,533 7,257 9,729 66,070 10,530 
Total, ist 20 institutions ................. 4,611,786 2,866,148 302,165 294,228 837,874 311,371 
21 University of Pennsyivania............... Private 173,744 123,810 2,730 9,582 8,984 28,638 
22 Columbia University ................... Private 172,145 146,712 2,461 5,408 4,189 13,375 
23 Yale University....................... Private 171,139 138,835 920 6,563 9,736 15,085 
24 Ohio State University-all campuses ........ Public 162,690 75,484 32,949 9,449 26,640 18,168 
25 University of Southern California .......... Private 162,013 119,005 2,751 14,716 25,541 0 
26 University of Maryland-College Park........ Public 149,510 58,924 43,675 12,940 33,971 0 
27 University of Georgia................... Public 145,953 42,797 36,081 4,877 60,675 1,523 
28 University of Colorado.................. Public 143,694 109,145 1,692 6,728 12,175 13,954 
29 Baylor College of Medicine .............. Private 134,681 69,336 5,565 7,263 15,513 37,004 
30 Duke University ...................... Private 131,090 99,036 914 12,551 9,082 9,507 
Total, ist 30 institutions ................. 6,158,445 3,849,232 431,903 384,305 1,044,380 448,625 
31 North Carolina State University-Raleigh ..... Public 128,891 37,783 45,487 21,735 21,705 2,181 
32 Washington University.................. Private 128,419 96,829 1,532 13,500 8,114 8.444 
33 University of Florida ................... Public 125,770 60,731 10,180 10,579 38,144 6,136 
34 University of Tennessee-System Office... ... Public 124,820 57,763 24,454 6,636 29,911 6,056 
35 Rutgers State University of New Jersey ..... Public 124,574 35,896 26,369 6,087 50,305 5,917 
36 Purdue University-allcampuses........... Public 124,323 63,979 17,641 11,451 25,954 5,298 
37 University of Rochester................. Private 123,997 101,049 6,088 4,913 2,779 9,168 
38 Louisiana State University-all campuses. ... . Public 122,357 40,114 37,182 2,120 32,750 10,191 
39 University of North Carolina-Chapel Hill ..... Public 122,097 93,280 13,655 579 14,428 155 
40 Michigan State University ............... Public 121,456 51,741 22,456 4,068 33,253 9,938 


(continued) 
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Appendix table 5-4. 
R&D expenditures at the top 100 universities and colleges, by source of funds: 1989 
(page 2 of 3) 
State and 

Institutional Federal local Academic All other 

Academic institutions’ ranking category Total Gov't gov't Industry institutions sources 
-—_____________-_-_—_---—- Thousands of dollars ---- 

Total, ist 40 institutions ................. 7,405,149 4,488,397 636,947 465,973 1,301,723 512,109 
41 Northwestern University................. Private 118,991 57,510 831 5,289 45,008 10,353 
42 University of Pittsburgh ................. Public 111,265 81,217 1,190 9,406 8,148 11,304 
43 University of Massachusetts-System Office... Public 110,644 56,505 10,337 11,480 27,383 4,939 
44 University of Chicago .................. Private 109,429 90,459 558 1,520 9,075 7,817 
45 University of Connecticut................ Public 109,328 46,184 4,249 4,996 46,208 7,691 
46 University of lowa..................... Public 105,900 74,271 1,121 10,301 18,102 2,105 
47 New York University ................... Private 104,451 81,143 798 4,066 7,727 10,717 
48 Virginia Polytechnic Inst. & State Univ....... Public 104,266 38,597 36,412 9,825 16,841 2,591 
49 lowa State University of Science & Tech. .... Public 103,174 28,895 23,718 4,408 42,644 3,509 
50 Carnegie-Melion University .............. Private 101,635 65,079 9,277 18,976 1,844 6,459 
Total, ist 50 institutions ................. 8,484,232 5,108,257 725,438 546,240 1,524,703 579,594 
51 SUNY-Buffalo........................ Public 100,291 64,453 2,699 1,759 16,827 14,553 
52 California Institute of Technology .......... Private 98,731 84,167 202 3,567 7,772 3,023 
53 University of Alabama-Birmingham......... Public 98,302 68,204 2,120 6,602 8,445 12,931 
54 Oregon State University................. Public 91,355 49,112 20,373 2,285 5,554 14,031 
55 University of Miami (FL)................. Private 90,298 63,101 1,546 4,702 5,604 15,345 
56 Case Western Reserve University ......... Private 86,168 68,632 1,251 2,915 5,867 7,503 
57 University of Texas-Cancer Ctr, MD Andrn . . Public 85,903 28,992 0 0 35.200 21,711 
58 University of Illinois-Chicago ............. Public 85,237 43,288 3,629 5,333 25,064 7,923 
59 University of Utah. .................... Public 83,340 61,819 3,511 2,700 11,259 4.051 
60 Princeton University ................... Private 82,914 47,176 1,018 5,640 21,760 7,320 
Total, ist 60 institutions ................. 9,386,771 5,687,201 761,787 581,743 1,668,055 687,985 
61 Indiana University-all campuses........... Public 81,793 58,334 833 2,591 15,120 4,915 
62 University of Virginia................... Public 81,281 51,214 7,006 5,768 10,196 7,097 
63 University of Texas-Health Sci Ctr Dallas .... Public 79,920 51,254 429 6,938 3,951 17,348 
64 SUNY-Stony Brook.................... Public 79,455 49,726 2,534 3,093 16,710 7,392 
65 University of Maryland-Baltimore .......... Public 75,854 35,970 14,047 11,183 9,488 5,166 
66 Woods Hole Oceanographic Institute ....... Private 74,881 64,333 341 916 1,257 8,034 
67 Yeshiva University .................... Private 74,496 58,224 0 0 8,022 8,250 
68 University of Missouri-Columbia........... Public 74,055 22,312 11,210 6,434 29,864 4,235 
69 Rockefeller University.................. Private 73,945 41,192 297 3,453 17,442 11,561 
70 University of Hawaii-Manoa.............. Public 70,733 40,574 24,759 799 3,686 915 
Total, ist 70 institutions ................. 10,153,184 6,160,334 823,243 622,918 1,783,791 762,898 
71 Utah State University................... Public 69,944 42,449 12,125 1,315 13,087 968 
72 University of Cincinnati-all campuses ....... Public 69,831 40,598 2,910 4,160 14,019 8,144 
73 University of Kentucky.................. Public 69,532 27,010 6,840 5,819 25,318 4,545 
74 University of Nebraska-Lincoin............ Public 68,281 25,803 22,006 2,675 15,931 1,866 
75 University of California-Irvine............. Public 66,806 46,492 1,483 4,582 7,706 6,543 
76 Boston University ..................4.. Private 66,325 56,402 550 2,555 0 6,818 
77 Vanderbilt University................... Private 65,218 56,151 576 2,759 2,081 3,651 
78 Emory University...................4.. Private 64,713 46,497 2,242 6,169 1,904 7,901 
79 Colorado State University ............... Public 64,351 46,572 7,992 2,432 4,708 2,647 
80 University of South Florida............... Public 60,973 26,576 2,824 327 29,246 2,000 


(continued) 
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Appendix table 5-4. 

R&D expenditures at the top 100 universities and colleges, by source of funds: 1989 

(page 3 of 3) 

State and 
Institutional Federal local Academic All other 
Academic institutions’ ranking category Total Gov't gov't Industry institutions sources 
Ow i. 

Total, ist 80 institutions ................. 10,819,158 6,574,884 882,791 655,711 1,897,791 807,981 
81 New Mexico State University-all campuses .. Public 60,930 45,660 7,070 6,242 1,727 231 
82 Wayne State University................ Public 59,521 28,167 7,042 3,850 15,507 4,955 
83 University of Kansas.................. Public 57,111 26,420 2,674 2,809 23,640 1,568 
84 CUNY-Mount Sinai School of Medicine... . . Private 56,856 37,233 957 3,732 5,767 9,167 
85 University of Alaska-Fairbanks........... Public 56,701 26,659 2,101 3,039 21,869 3,033 
86 Clemson University................... Public 56,699 12.484 16,245 3,849 22,486 1,635 
87 Florida State University................ Public 55,245 24,897 1,566 832 25,449 2,501 
88 Washington State University ............ Public 55,173 22,697 2,268 2,258 22,945 5,005 
89 University of Medicine & Dentistry of NJ .... Public 54,451 27,983 9,421 2,583 9,166 5,298 
90 University of Oklahoma ................ Public 53,956 17,020 3,052 1,991 24,226 7,667 

Total, ist 90 institutions ................. 11,385,801 6,844,104 935,187 686,896 2,070,573 849,041 
91 Auburn University-all campuses.......... Public 53,814 15,179 13,570 4.111 17,667 3,287 
92 Mississippi State University ............. Public 53,670 17,694 20,334 3,886 5,416 6,340 
93 Oklahoma State University.............. Public 53,655 14,116 1,853 1,645 34,613 1,428 
94 Georgetown University ................ Private 53,597 37,351 217 4,370 8,278 3,381 
95 University of California-Riverside ......... Public 53,213 15,584 2,441 1,094 31,449 2,645 
96 University of New Mexico............... Public 52,970 23,934 5,660 2,496 11,732 9.148 
97 Tufts University...................... Private 50,424 40,771 773 8,010 847 23 
98 University of California-Santa Barbara... .. . Public 50,067 39,227 1,036" 2,645 4.878 2,281 
99 Kansas State Univ. of Agric. & Applied Sci .. — Public 47,302 15,951 21,133 1,790 6,384 2.044 

100 Univ. of Texas-Health Science Ctr Houston.. Public 46,860 29,500 5,668 3,266 1,694 6.732 

Total, ist 100 institutions................. 11,901,373 7,093,411 1,007,872 720,209 2,193,531 886.350 


‘These figures exclude the Applied Physics Laboratory (APL) at Johns Hopkins University, which is similar to a federally funded research and 


development center and dominates the R&D performed at the university. 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991): and unpublished tabulations. 


See text table 5-1. 
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Appendix table 5-5. 
Federal and non-Federal R&D expenditures at universities and colleges, by field and source of funds: 1989 
| 
Total Federal Non-Federal' 
Thousands Thousands Thousands 
Field of dollars Percent of dollars Percent of dollars Percent 
TOTAL SCIENCE AND ENGINEERING ....... 14,987,279 100.0 8,972,468 59.9 6,014,811 40.1 
Total sciences......................... 12,599,686 84.1 7,592,804 60.3 5,006,882 39.7 
Physical sciences..................... 1,643,377 11.0 1,195,155 72.7 448,222 27.3 
Astronomy......................-.-. 137,114 0.9 88,011 64.2 49,103 35.8 
Chemistry...................-2...-. 610,395 4.1 423,711 69.4 186,684 30.6 
Physics...................2..-4-. 772,999 5.2 597,664 77.3 175,335 22.7 
Other ....................0...0.... 122,869 0.8 85,769 69.8 37,100 30.2 
Mathematical sciences ................. 214,248 1.4 155,929 72.8 58,319 27.2 
Computer sciences.................... 467,729 3.1 317,882 68.0 149,847 32.0 
Environmental sciences................. 982,937 6.6 644,691 65.6 338,246 34.4 
Atmospheric sciences ............... 159,084 1.1 124,894 78.5 34,190 21.5 
Earth sciences..................... 322,533 2.2 186,069 57.7 136,464 42.3 
Oceanography..................... 357,663 2.4 265,923 74.4 91,740 25.6 
Other ...................2220008. 143,657 1.0 67,805 47.2 75,852 52.8 
Life sciences .....................2.. 8,079,851 53.9 4,772,841 59.1 3,307,010 40.9 
Agricultural sciences ................ 1,289,522 8.6 345,890 26.8 943,632 73.2 
Biological sciences.................. 2,609,759 17.4 1,719,858 65.9 889,901 34.1 
Medical sciences................... 3,836,616 25.6 2,505,391 65.3 1,331,225 34.7 
MT so whedanesecsescesetasesees 343,954 2.3 201,702 58.6 142,252 41.4 
Psychology ................000-0000- 237,945 1.6 156,260 65.7 81,685 34.3 
Social sciences....................... 636,372 4.2 211,174 33.2 425,198 66.8 
Economics .....................-. 186,376 1.2 50,477 27.1 135,899 72.9 
Political science.................... 108,063 0.7 29,123 27.0 78,940 73.0 
CE 5 404645 0449640040804694944 118,554 0.8 52,802 44.5 65,752 55.5 
as 8 46004 6ukeeeaeesviceteean 223,379 1.5 78,772 35.3 144,607 64.7 
Other sciences....................... 337,227 2.3 138,872 41.2 198,355 58.8 
Total engineering....................... 2,387,593 15.9 1,379,664 57.8 1,007,929 42.2 
Aeronautical/astronautical............... 146,548 1.0 113,109 77.2 33,439 22.8 
DTA KS eeeicdecccrasaeseceeatae 185,087 1.2 92,947 50.2 92,140 49.8 
Ti ean eedadeecitetsscadeceavsae 249,552 1.7 104,108 41.7 145,444 58.3 
Electricai/electronic.................... 600,016 4.0 388,700 64.8 211,316 35.2 
Mechanical........................2.. 340,280 2.3 209,711 61.6 130,569 38.4 
chee weeadeesdeeenericeeceses 866,110 5.8 471,089 54.4 395,021 45.6 


‘See appendix table 5-2 for detail on non-Federal sources. 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations. 
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Appendix table 5-6. 
for academic R&D, by field: 1979-89 
(page 1 of 3) 
Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Se Thousands of current dollars -- TE EE LS 
TOTAL SCIENCE & ENGINEERING.... 5,379,917 6,076,713 6,846,302 7,322,745 7,876,861 8,616,682 9,686,358 10,925,519 12,153,437 13,465,094 14,987,279 
Total sciences................... 4,604,364 5,203,539 5,869,568 6,281,886 6,746,534 7,387,668 8,271,436 9,287,291 10,265,945 11,373,904 12,599,686 
Physical sciences............... 602,106 677,407 765,358 823,363 899,695 999.672 1,147,733 1,285,972 1,390,942 1,547,216 1,643,377 
Astronomy ................. 48,492 58,625 67,259 73,125 73,442 80,474 96,083 101,795 108,429 124,438 137,114 
Chemistry.................. 206,353 243,943 284,696 308,058 334,982 371,484 421,023 469,275 513,102 567 822 610,395 
Physics.................... 292,366 322,760 357,151 366,833 417,037 473,591 550,834 630,244 666,568 732,486 772,999 
Other..................... 54,895 52,079 56,252 75,347 74,234 74,123 79,793 84,658 102,843 122,470 122.869 
Mathematical sciences ........... 77,822 78,108 87,099 96,459 106,440 123,261 128,031 151,904 176,871 198,833 214,248 
Computer sciences.............. 97,701 113,390 132,542 149,101 175,902 224,637 282,722 322,874 373,086 410,839 467,729 
Environmental sciences .......... 452,831 508,262 549,273 557,353 615,892 643,946 703,180 772,605 830,819 884,522 982,937 
Atmospheric sciences ......... NA 75,898 87,357 86,668 98,636 102,010 107,696 120,057 128,345 133,668 159,084 
Earth sciences............... NA 188,570 190,238 195,272 216,245 227,768 253,931 274,525 284,091 294,559 322,533 
Oceanography............... NA 176,313 191,995 198,202 223,931 236,784 257,973 279,992 299,949 333,282 357,663 
Br 452,831 67,481 79,683 77,211 77,080 77,384 83,580 98,031 118,434 123,013 143,657 
Life sciences .................. 2,847,512 3,230,619 3,698,138 4,016,113 4,303,519 4,712,815 5,282,032 5,892,653 6,532,724 7,257,860 8,079,851 
Agricultural sciences .......... 612,256 689,127 789,574 864,681 921,445 954,565 999.674 1,089,949 1,120,938 1,181,841 1,289,522 
Biological sciences ........... 912,418 1,027,542 1,185,643 1,282,740 1,414,501 1,567,350 1,774,357 1,937,994 2,132,208 2,372,832 2,609,759 
Medical sciences............. 1,246,579 1,422,915 1,612,621 1,745,615 1,835,875 2.040616 2,327,268 2,625,341 3,015,867 3,387,914 3,836,616 
MN 6» oo 00050494000000088 76,259 91,035 110,300 123,077 131,698 150,284 180,733 239,369 263,711 315,273 343,954 
Psychology ................... 99,694 110,108 126,935 130,609 135,669 145,525 158,534 170,705 187,881 213,989 237,945 
Social sciences ................ 293,245 339,550 365,648 353,023 344,642 358,317 382.844 462,472 502,098 553.238 636,372 
Economics ................. 83,349 90,942 98,800 95,116 98,088 108,494 117.988 135,766 149.685 164,142 186,376 
Political science.............. 44,641 54,476 55,403 60,213 54,624 56,110 59,379 68,835 81,221 87.027 108,063 
Sociology .................. 74,309 87,699 93,955 78,805 77,102 70,319 75,334 96.608 96,627 110.580 118,554 
Eee errs 90,946 106,433 117,490 118,889 114,828 123,394 130,143 161,263 174,565 191.489 223,379 
Other sciences... .............. 133,453 146,095 144,575 155,865 164,775 179,495 186,360 228,106 271.524 307,407 337,227 
(continued) 
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Appendix table 5-6. 
Expenditures for academic R&D, by field: 1979-89 
(page 2 of 3) 
Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
oe es Thousands of current dollars 
Total engineering................. 775,553 873,174 976.734 1,040,859 1.130.327 1.229014 1.414922 163822. 1.887.492 2.091.190 2,387,593 
Aeronautical/astronautical......... NA 53,096 58,532 65,160 69.916 71,831 82.229 93,530 110,065 124,737 146 548 
Chemical..................... NA 60,874 79,235 83,808 91,174 96,095 109,782 126,197 140,649 154,169 185,087 
a wee wee NA 83,231 108,608 115,800 126,465 139.609 153,141 178,745 192.334 226.832 249,552 
Electrical/electronic.............. NA 193,976 203,569 224,461 261,809 294 836 337,479 394,904 449.770 507.894 600,016 
Mechanical ................... NA 140,335 140,582 142,388 148,820 178,361 206,894 227.031 273,340 300,886 340,280 
SN cc ccacereceeeuseseers NA 341,662 386,208 409 242 432,143 448 282 525,397 617,821 721,334 776,672 866,110 
eee ' ; Thousands of constant 1982 dollars’ 
TOTAL SCIENCE & ENGINEERING.... 6,906,546 7,170,942 7,345,364 7,322,745 7,557,012 7,964,282 8 684,745 9,541,111 10296590 11,071,623 11,825,067 
Total sciences................... 5.910.919 6.140537 6.297.431 6,281,886 6472583 6828321 7.416.133 8.110468 8697476 9.352.150 9,941,240 
Physical sciences............... 772,962 799 387 821,149 823,363 863,162 923.983 1.029.052 1,123,022 1.178429 1.272.193 1.296.636 
Astronomy ................. 62,252 69,182 72,162 73,125 70,460 74,381 86,148 88 896 91,863 102,319 108,184 
Chemistry.................. 264 909 287,870 305,449 308,058 321,380 343,358 377 487 409,812 434,708 466,890 481.606 
ee eee 375,329 380,879 383,186 366,833 400.103 437.734 493,875 550,384 564,727 602 284 609,902 
Other..................... 70,472 61,457 60,352 75,347 71,220 68,511 71,542 73,931 87,130 100,701 96 944 
Mathematical sciences ........... 99 905 92.173 93,448 96,459 102,118 113,928 114,792 132,656 149 848 163,496 169,043 
Computer sciences.............. 125,425 133,808 142,204 149.101 168,759 207,629 253,487 281,962 316,085 337,811 369,041 
Environmental sciences .......... 581,328 599 784 589,312 557,353 590,883 595,191 630.468 674,706 703,883 727,295 775,544 
Atmospheric sciences ......... NA 89,565 93,725 86,668 94.631 94 286 96,560 104,844 108,736 109,908 125.518 
Earth sciences............... NA 222,526 204,105 195,272 207 464 210,523 227.673 239,739 240,687 242,200 254.481 
Oceanography............... NA 208,062 205,991 198,202 214,838 218,856 231,297 244.513 254,122 274,040 282,199 
Other................00.0.. 581,328 79,632 85,492 77,211 73,950 71,525 74,937 85,609 100,339 101,147 113,346 
Life sciences .................. 3,655,535 3,812,354 3,967,714 4.016.113 4,128,770 4,355,991 4.735.846 5.145.976 5 534.630 5 967.748 6.375.059 
Agricultural sciences .......... 785,992 813,218 847,130 864,681 884,029 882,291 896 303 951.838 949 677 971.764 1.017.442 
Biological sciences ........... 1,171,330 1,212,571 1,272,071 1,282,740 1,357,064 1,448,680 1.590881 1692425 1.806.441 1.951.052 2.059.118 
Medical sciences............. 1,600,314 1,679,138 1,730,173 1,745,615 1,761,327 1,886,114 2.086.618 2.292676 2.555092 2.785.700 3.027.117 
PEs cckeseeeckeaaontuées 97,899 107,428 118,340 123,077 126,350 138,905 162,044 209,038 223,420 259.232 271.382 
Psychology ................... 127,984 129,935 136,188 130,609 130,160 134,507 142,141 149.074 159.176 175,952 187,740 
Social sciences ................ 376,458 400,693 392,302 353,023 330,647 331,188 343,256 403,871 425 386 454,898 502,102 
Economics ................. 107,000 107,318 106,002 95,116 94,105 100,280 105,788 118,563 126,816 134,965 147,052 
Political science.............. 57,309 64,285 59.442 60,213 52.406 51,862 53,239 60,113 68,812 71,558 85,262 
DEED ce scscccscadaesees 95,395 103,491 100,804 78,805 73,971 64,995 67,544 84,366 81,864 90,924 93,540 
ee 116,753 125,598 126,054 118,889 110,165 114,051 116,686 140,829 147,894 157.451 176,248 
 eebuaneaeaeus es 171,322 172,402 155,114 155,865 158,084 165,905 167,090 199,202 230,040 252,764 266,074 
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Appendix table 5-6. 
for academic R&D, by field: 1979-89 


(page 3 of 3) 
Field 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
— Thousands of constant 1982 dollars 

Total engineering................. 995.627 1.030.406 1,047,933 1.040.859 1.084429 1,135,961 1.268613 1430643 1599114 1.719.473 1.883.827 
Aeronautical/astronautical......... NA 62.657 62,799 65,160 67.077 66,392 73,726 81.679 93,249 102.565 115.627 
Chemical..................... NA 71,836 85.011 83,808 87,472 88.819 98 430 110,206 119.160 126,765 146.035 
ee NA 98,218 116,525 115.800 121,330 129.039 137,306 156.096 162,948 186,512 196.898 
Electricai/electronic.............. NA 228.905 218,408 224 461 251,178 272,513 302,582 344,864 381,052 417,614 473,417 
Mechanical ................... NA 165,605 150,830 142,388 142.777 164,857 185,500 198,263 231,578 247,402 268.483 
on on eae eee etd eectceen NA 403,185 414,361 409 242 414,595 414,341 471,069 539,535 611,126 638,616 683,367 


NA = not available 
‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. NSF 90-321. Detailed Statistical Tables (Washington, DC: NSF, 1991). 


and annual series. 
See figure 5-3. 
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Appendix table - -7 
Federal finance « .f academic R&D funds, by field: 1973-89 
Field 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
— Percentage federally financed 
TOTAL SCIENCE AND ENGINEERING ...... 688 672 67.1 674 670 662 670 675 667 650 633 629 625 613 603 608 599 
Physical sciences ...................... 818 810 814 805 80.0 796 815 619 °* 98 789 77.7 78.2 775 764 753 746 72.7 
Cs ceevees vere svaveveveer es 73.4 700 734 69.8 718 716 748 756 710 706 68.0 66.1 67.0 68.5 657 655 64.2 
ee era 76.1 766 768 770 762 758 758 777 760 747 738 75.1 742 72.0 717 713 69.4 
RR cine Nd ewds wow dw eN Ree eee 87.1 866 864 853 852 849 864 868 865 836 821 824 823 810 797 786 773 
CE ss who be oS HER GR ROS RENEE EHS 79.7 744 777 772 %737 726 827 787 811 812 804 801 750 758 751 747 «698 
Math and computer sciences .............. 738 757 763 756 725 686 739 720 734 728 723 733 712 731 706 719 695 
Mathematical sciences................ 775 784 786 774 777 $757 776 784 777 =%744 718 $748 758 753 743 %750 728 
Computer sciences................... 699 732 743 740 676 622 709 676 705 717 726 725 692 720 689 704 £4680 
Environmental sciences.................. 752 717 %7O8 734 747 727 $726 $732 $711 #701 691 691 672 667 651 659 £656 
Atmospheric sciences................. NA NA NA NA NA NA NA 842 770 800 785 808 799 813 825 817 785 
Earth sciences...................... NA NA NA NA NA NA NA 697 672 650 624 615 607 583 S562 592 577 
Oceanography...................... NA NA NA NA NA NA NA 776 779 774 766 764 727 743 726 716 744 
ee eee reer re 752 717 7O8 734 747 727 726 S87 577 532 540 538 536 501 487 492 472 
| 663 645 651 657 653 639 640 648 639 623 601 600 603 592 586 595 591 
Agricultural sciences.................. 34.1 292 294 297 288 292 305 311 297 295 284 282 294 268 265 273 268 
Biological sciences................... 716 717 725 735 745 728 726 740 730 714 695 695 679 674 662 670 659 
Medical sciences .................... 753 759 756 755 749 731 737 j%?44 737 717 #=«%x=687 673 678 664 651 654 £4653 
PE ¢se@hb006s06e08 46.0004%5% 44484 703 725 718 726 717 $7706 701 674 676 638 608 628 600 613 597 601 586 
Psychology... . 22... eee 795 789 76.8 762 748 71.4 723 733 727 682 66.1 67.4 67.0 67.0 66.1 658 65.7 
Social sciences....................05.. 573 569 552 527 516 511 530 538 510 457 426 399 401 374 335 340 332 
Economics... .. 2.2... 2 eee 476 466 482 445 438 48.1 484 489 454 437 39.5 39.1 37.0 33.5 29.0 30.0 27.1 
Political science..................4.. 406 440 418 42.2 46.2 42.1 460 434 420 373 36.8 33.9 33.3 295 29.7 28.9 270 
Sociology... eee ee 658 651 655 621 611 610 637 650 607 S86 556 543 533 513 466 444 445 
Other... eee 610 600 559 548 529 S06 519 540 523 429 393 351 384 356 3319 339 353 
Other sciences ....... 2... 20000... eee. 58.7 571 572 595 549 574 549 536 566 565 527 485 493 471 460 434 412 
SE 6 6 9 6 9.00660060600606060800 715 690 681 673 676 679 687 690 687 676 659 640 612 596 587 586 578 
Aeronautical/astronautical.............. NA NA NA NA NA NA NA 795 818 806 80.4 79.4 785 788 76.0 778 772 
Chemical... . 2.2... cee NA NA NA NA NA NA NA 644 640 597 576 571 534 536 495 506 502 
RG sb 66.66.5566 400 00.0650.060400084 NA NA NA NA NA NA NA 641 568 514 504 519 516 497 471 461 £4417 
ElectricaV/electronic................... NA NA NA NA NA NA NA 77.1 766 774 738 710 677 659 647 648 648 
Mechanical ....... 2.0... 000.0 cee ee. NA NA NA NA NA NA NA 670 675 684 672 665 646 649 648 633 £4616 
és 6.0660 4.00:6.86-000000000094 NA NA NA NA NA NA NA 657 674 661 645 612 573 547 550 548 544 
NA = not available 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, NSF 90-321, Detailed Statistical Tables “‘Vastington, DC: NSF, 1991). 


and annual senes. 


2S 


Science & Engineering indicators - 1991 


BSE 


sejqe| xipueddy y xipueddy 


Science & Engineering indicators — 1991 — oe | _ . a 359 


Appendix tabie 5-8. 
Federal for academic R&D, by agency: 1971-91 
(page 1 of 2) 
National National Department National Department Department All 
Total Institutes Science of Aero & Space of of other 
agencies of Health Foundation Defense Administration Energy’ Agriculture agencies 

es Ll ~ 
re 1,645 603 267 211 134 94 72 264 
eee 1,904 756 362 217 119 85 87 277 
nt t60t5a8404 0042 1,917 761 374 204 111 83 94 289 
Se 2,214 1,027 389 197 99 94 95 312 
ee 2,411 1,077 435 203 108 132 108 348 
re 2,552 1,185 437 240 119 145 120 307 
re 2,905 1,311 511 273 118 188 140 364 
i vitpesagdas +440 3,375 1,493 537 383 127 240 186 408 
0 3,889 1,765 617 438 139 260 200 470 
ee 4,263 1,888 685 495 158 285 216 536 
0 4,466 1,984 702 573 171 300 243 492 
0 ee 4,605 2,026 715 664 186 277 255 483 
ee 4,966 2,264 783 724 189 297 275 434 
ee 5,547 2,560 880 830 204 321 261 491 
it kind eeeenk nese 6,340 2,974 1,002 940 237 357 293 536 
ee 6,559 3,044 992 1,098 254 345 274 553 
er 7,337 3,638 1,096 1,017 294 386 280 626 
DM tcsiteeneecaees 7,828 3,886 1,143 1,071 338 406 305 678 
ES 8,672 4,157 1,254 1,189 434 454 328 858 
1990 (est.) ............ 8,748 4,143 1,317 1,049 493 441 346 959 
| 9,191 4,339 1,478 1,069 533 429 364 980 

Millions of constant 1982 dollars’ —- - 

SS 3,767 1,382 611 483 307 215 165 604 
Ditiestidesriseas 4,133 1,641 787 471 258 183 190 602 
ee 3,964 1,574 i75 421 230 171 195 598 
re 4,245 1,969 746 378 190 180 182 599 
0 ee 4,207 1,878 759 355 188 230 189 608 
Sr 4,111 1,908 703 387 192 234 193 494 
Se 4,335 1,956 762 408 175 281 209 543 
ii tess4600006005 4,705 2,082 749 534 177 335 260 568 
Diiuhbwssatsess ae4 4,992 2,266 792 562 178 334 256 604 
Dicks sésseesesaas 5,031 2,228 808 585 186 336 255 633 
0 er es a 4,791 2,129 753 615 184 322 260 528 
Se 4,605 2,026 715 664 186 277 255 483 
Se 4,765 2,172 751 695 182 285 264 416 
0 Se 5,127 2,366 814 767 188 297 241 454 
ste bebesesecases 5,684 2,667 898 843 213 320 263 481 
i tih#400400046%4 5,728 2,658 866 959 222 301 239 483 
Perey TTT TT ee 6,216 3,083 929 862 249 327 237 530 
Dbbés0066466005006 6,436 3,195 940 881 278 334 251 558 
PTT Terr ryy 6,842 3,280 989 938 342 358 259 677 
1990 (est.) ............ 6,636 3,143 999 796 374 335 262 727 
1991 (est.) ............ 6,676 3,152 1,073 777 387 312 264 712 
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Appendix table 5-8. 
Federal obligations for academic R&D, by agency: 1971-91 
(page 2 of 2) 
National National Department National Department Department All 
Total Institutes Science of Aero & Space of of other 
agencies of Health Foundation Defense Administration Energy’ Agriculture agencies 
congeree teases ; om Percent 

Rceseseeeceteaveres 100 36.7 16.2 12.8 8.2 5.7 4.4 16.0 
ere 100 39.7 19.0 11.4 6.3 44 46 14.6 
eee 100 39.7 19.5 10.6 5.8 4.3 4.9 15.1 
a ee 100 46.4 17.6 8.9 45 42 4.3 14.1 
0 ee 100 44.6 18.0 8.4 45 5.5 45 14.4 
ee 100 46.4 17.1 9.4 4.7 5.7 4.7 12.0 
ee 100 45.1 17.6 9.4 4.0 6.5 48 12.5 
CS been ae i4eae ee an 100 44.2 15.9 11.4 3.8 7.1 5.5 12.1 
BN seetereceerevssss 100 45.4 15.9 11.3 3.6 6.7 5.1 12.1 
DR dae hate ae awe an 100 44.3 16.1 11.6 3.7 6.7 5.1 12.6 
nga ea eee eke ane a 100 44.4 15.7 12.8 3.8 6.7 5.4 11.0 
ee ee 100 44.0 15.5 14.4 4.0 6.0 $5 10.5 
Mc etwiadnnneeas ... 100 45.6 15.8 14.6 3.8 6.0 5.5 8.7 
er 100 46.2 15.9 15.0 3.7 5.8 4.7 8.8 
ee 100 46.9 15.8 14.8 3.7 5.6 46 8.5 
I 100 46.4 15.1 16.7 3.9 5.3 4.2 8.4 
DN wis 0-40 44044 044640 100 49.6 14.9 13.9 4.0 5.3 3.8 8.5 
a re 100 49.6 14.6 13.7 4.3 5.2 3.9 8.7 
Sr 100 47.9 14.5 13.7 5.0 5.2 3.8 9.9 
1990 (est.).............. 100 47.4 15.1 12.0 5.6 5.0 3.9 11.0 
SE 100 47.2 16.1 11.6 5.8 4.7 4.0 10.7 


NOTE: Percentages may not total 100 because of rounding. 
‘Atomic Energy Commission, 1971-73; Energy Research and Development Administration, 1974-76; Department of Energy, 1977-91. 
*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, Federa/ Funds for Research and Development: Fiscal Years 1989. 1990. 
and 1991, NSF 90-327 Final, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series. 
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Appendix table 5-9. 4) 
Federal academic R&D obligations, by lead agency and field: 1971-89 ® 
(page 1 of 2) ® 
Qo 
Lead m 
Field agency 1971 1974 1976 1977 1978 1979 1980 1981 1982 1983 1984 1987 1988 1989 3 
Percentage from lead agency g 
TOTAL SCIENCE AND ENGINEERING........ HHS 44.8 54.1 53.3 518 490 508 48.7 479 463 47.0 49.2 53.0 53.5 53.0 é 
3 
Physical sciences........................ NSF 20.4 31.6 36.2 352 345 366 356 329 372 366 39.0 36.9 365 358 5 | 
Astronomy ................0..200004. NASA 74.7 69.8 65.1 598 613 669 699 74.1 643 66.3 65.1 649 658 68.6 S | 
Chemistry................2.00002005. NSF 25.2 30.6 37.0 365 356 37.7 378 338 363 369 38.9 38.7 38.9 39.8 7 | 
Physics................. 020000000055 DOE 30.0 34.4 33.7 38.8 395 418 422 458 447 46.7 465 436 43.3 41.3 ~ 
a NSF 0.0 2.1 46.1 359 494 504 679 728 794 774 77.4 70.6 69.9 71.0 © 
Math and computer sciences................. NSF 39.5 45.7 404 489 506 576 502 524 508 509 53.8 53.1 508 54.0 
Mathematical sciences.................. NSF NA NA NA 418 506 53.2 460 49.1 476 47.7 503 55.1 55.4 60.4 
Computer sciences .................... NSF NA NA NA 62.0 523 662 584 61.3 568 564 594 526 459 48.5 
Environmental sciences ................... NSF 32.5 48.4 48.1 39.1 39.1 389 375 421 435 455 447 410 41.0 40.2 
Atmospheric sciences .................. NSF 31.0 38.0 452 29.7 334 325 386 349 369 389 41.1 415 364 378 
Earth sciences ....................... NSF 22.0 31.7 49.1 413 415 476 51.0 567 604 66.7 62.0 57.6 520 50.6 
Oceanography .....................0.. NSF 445 66.8 39.1 38.4 32.1 304 31.1 315 313 30.1 302 28.8 356 35.6 
cerca nieeneeneeseseseduaseues NSF 27.8 43.4 63.1 51.5 527 426 269 465 46.7 544 58.1 38.3 39.2 35.6 
Life sciences..................22000005. HHS 76.4 82.6 81.4 82.1 806 806 81.3 799 77.7 79.6 80.6 82.8 83.8 83.6 
Agricultural sciences ................... USDA NA NA NA NA NA 803 864 815 759 79.2 72.7 77.2 83.7 78.4 
Biological sciences ....  .............. HHS 63.4 66.8 67.1 678 71.0 80.0 823 813 81.7 83.4 808 83.4 839 828 
Medical sciences...................... HHS 95.1 96.6 968 968 959 944 928 924 883 900 923 93.1 93.4 946 
Rk <5 ain be e40see4h9es4s 40 Gagne HHS 59.2 65.5 75.7 72.1 686 772 749 756 77.7 779 78.7 83.3 842 856 
Social sciences ......................... HHS 37.7 42.7 416 43.3 479 583 315 294 284 27.3 33.6 42.2 446 49.0 
re USDA 43.1 7.2 30 40 408 414 402 456 563 599 546 441 550 506 
Political science. ..................... NSF 46.0 53.6 523 598 66.7 518 718 60.1 813 612 482 544 523 459 
CAS eo eee o64e4849404444840% HHS 40.7 55.7 57.3 525 420 575 485 635 610 677 663 693 755 75.1 
Anthropology...................2.205. NSF 69.1 72.8 70.5 674 476 583 592 782 938 968 887 707 735 894 
Ahh ncn bee eannsioneesedncee NSF 29.2 66.8 615 654 653 675 728 721 888 908 948 923 868 77.9 
History of science ..................... NSF 85.0 80.1 993 876 899 899 764 86.1 984 939 969 88.2 89.7 912 
RAS 6 6424644400008 5646444604460464 PHS 54.4 49.7 545 549 884 924 425 327 68.1 414 388 57.7 549 562 
Other sciences.......................... HHS 40.3 43.2 489 589 666 589 511 452 535 433 516 442 37.8 30.1 33.1 


(continued) 


Appendix table 5-9. 

Federal academic R&D obligations, by lead agency and field: 1971-89 

(page 2 of 2) 

Lead 
Field agency 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
San RRRRRSERSRRRRERREEREERRRRREReRERARNREnER ——-Percentage from lead agency —— 

 caneeeeenssseseseeevenee? DOD 45.2 403 421 30.7 279 266 302 538 614 554 62.1 674 674 613 62.7 656 665 669 61.2 
Aeronautical/astronautical ............... DOD 14.1 308 13.1 421 31.9 220 329 47.0 564 499 49.7 575 627 550 574 583 556 545 51.7 
ET NaSe44e 40s deste sensecsecees NSF 71.1 51.0 482 624 60.7 402 274 221 519 538 526 50.7 438 442 39.1 550 51.7 411 742 
a NSF 365 37.9 29.1 386 325 440 481 429 455 401 305 536 43.1 498 689 681 646 632 535 
ElectricaVelectronic.................... DOD 804 762 773 616 583 440 503 594 625 684 722 792 815 756 835 820 814 861 78.1 
ee NSF 406 33.8 524 525 456 32.0 303 259 353 227 269 341 347 366 352 409 343 368 484 
Materials/metallurgy.................... NSF 163 574 55.9 561 356 39.4 37.1 33.1 402 260 33.8 30.0 30.1 308 338 280 209 164 18.1 
Se DOD 193 252 402 17.1 193 202 258 716 775 758 784 80.0 813 79.7 779 804 826 804 734 


NOTE: DOD = Department of Defense; DOE = Department of Energy; HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; NSF = National Science Foundation: 


USDA = Department of Agriculture. 


‘NASA provided over 80 percent of the Federal academic R&D obligations for aerospace engineering in the 1970s; this field is now split between NASA and DOD. 
SOURCES: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1989, 1990, and 1991, NSF 90-327 Final, Detailed Statistical Tables 


(Washington, DC: NSF, 1991); and annual series. 
See figure 5-4. 
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Appendix table 5-10. 
Capital funds expenditures for academic facilities and certain equipment: 1964-89 
Total Federal sources Non-Federal sources 
Current Constant Current Constant Current Constant 
dollars 1982 dollars’ dollars 1982 dollars’ dollars 1982 dollars’ 
es enn ED 
1964 .............. 529,492 1,602,094 134,439 406,775 395,053 1,195,319 
1965 .............. NA NA NA NA NA NA 
1966 .............. 666,997 1,919,968 212,397 611,390 454,600 1,308,578 
1967 .............. NA NA NA NA NA NA 
ee 1,070,727 2,879,072 340,447 915,426 730,280 1,963,646 
eee NA NA NA NA NA NA 
eee 951,873 2,294,776 279,316 673,375 672,557 1,621,401 
ee NA NA NA NA NA NA 
iP sacetevsses twa 912,487 1,981,034 236,836 514,177 675,651 1,466,856 
eer 835,862 1,728,790 224,651 464,639 611,211 1,264,151 
SD 6-644 0064040644 841,560 1,613,521 225,681 432,698 615,879 1,180,823 
ee 1,018,773 1,771,062 270,083 469,519 748,690 1,301,542 
DR no eecaddeseau 1,043,153 1,680,342 206,890 333,265 836,263 1,347,078 
1977 .............. 960,014 1,432,190 195,519 291,684 764,495 1,140,506 
1978 .............. NA NA NA NA NA NA 
1979 .............. 694,583 891,681 169,419 217,494 525,164 674,187 
1980 .............. 790,040 932,302 147,590 174,166 642,450 758,136 
te a000ededeeun << 953,529 1,023,037 160,557 172,261 792,972 850,776 
1982 .............. 964,596 964,596 126,448 126,448 838,148 838,148 
1983 .............. 1,091,753 1,047,421 135,101 129,615 956,652 917,806 
1984 .............. 1,174,646 1,085,709 142,440 131,655 1,032,206 954,054 
Ss ecéccrcecsces 1,222,698 1,096,266 106,801 95,757 1,115,897 1,000,508 
1986 .............. 1,493,503 1,304,256 170,509 148,903 1,322,994 1,155,353 
DT bec Gn4eeceesee 1,737,118 1,471,715 193,246 163,721 1,543,872 1,307,993 
0 eee 1,954,626 1,607,184 202,034 166,122 1,752,592 1,441,062 
0 2,091,699 1,650,365 205,769 162,353 1,885,930 1,488,012 
NA = not available 
ope Ae are for expenditures on facilities used for research, development, and instruction, and for expenditures on nonfixed equipment costing over 
1 million. 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series. 

See figure 5-5 and figure O-20 in Overview. Science & Engineering Indicators - 1991 


BLANK 
— PAGE 


Appendix table 5-11. 
Capital expenditures at universities and colleges, by field and source of funds: 1980-89 
(page 1 of 2) 
Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Thousands of current dollars 
TOTAL...............-.--.2----------20-- 790,040 953,529 964596 1,091,753 1,174,646 1.222698 1,493,503 1,737,118 1,954626 2,091,699 
Total sciences....................-....--.... 700,088 848 037 817,600 954.918 1,027,762 1.039.100 1,179,354 1,357,333 1,589,311 1,719,874 
Physical sciences......................-.. 77,567 88,880 83,296 97,864 110.134 115,653 143,667 156,849 204,919 237,669 
Math and computer sciences................. 32,923 31,904 35,651 54,206 48,921 77,209 90,603 82.651 95,412 72,672 
Environmental sciences .................... 36,727 36,790 44.006 42.174 36,218 54,574 48,945 54.063 58,676 67,518 
Life sciences ........................-.... 452.522 591,395 578,398 667 367 716,602 691,149 768,281 908.977 1,050,025 1,161,852 
ins onda ae Res 544s BH Od 4 ees 17,970 11,139 12,956 16,705 31,317 12,807 17,816 9,669 12,130 13,894 
Social sciences .......................... 34,956 45,702 31,344 40,898 46,941 60,720 49.919 55,207 80,709 77,483 
Other sciences........................... 47,423 42,227 31,949 35,704 37,629 26,988 60,123 89,917 87,440 88.786 
SE Sd cc ctecesericeewenenvenedesss 89,952 105,492 146,996 136,835 146,884 183,598 314,149 379,785 365,315 371,825 
Federalsources ........................... 147,590 160,557 126,448 135,101 142.440 106,801 170,509 193,246 202,034 205,769 
Total sciences...............-.......---20.4. 126,335 141,436 105,517 116,711 111,800 90,008 132,973 143,902 155,024 162,429 
Physical sciences......................... 22,939 26,590 21,966 19,482 20,713 31,497 38,108 40,130 33,140 40,249 
Math and computer sciences................. 6,156 5,649 5,049 5,516 8,697 8.918 17,516 12,228 19,529 7,335 
Environmental sciences .................... 8,513 8,330 6,006 4,639 4,828 4.128 8,168 15,199 13,455 18,985 
Life sciences ................-...-....-... 81,732 90,452 67,319 79,357 72,685 40,315 57,823 57,954 71,203 77,031 
eae gts hee sess snes aeee en 2,037 1,768 1,205 1,082 1,035 871 1,739 989 2,184 1,654 
Social sciences .......................... 1,616 7,149 2,213 5,277 3,209 2,493 3,618 4.834 7,985 8,178 
Other sciences.......................-4.. 3,342 1,498 1,759 1,358 633 1,786 6,001 12,568 7,528 8,997 
SEG oe ccecseccaseseccesensseenee 21,255 19,121 20,931 18,390 30.640 16,793 37,536 49,344 47,010 43,340 
Non-Federal sources........................ 642,450 792,972 838,148 956.652 1,032,206 1.115897 1,322,994 1,543,872 1,752,592 1,885,930 
Total sciences................. 2222200220 0e. 573,753 706,601 712,083 838,207 915,962 949.092 1,046,381 1,213,431 1,434,287 1,557,445 
Physical sciences.....................00.. 54,628 62,290 61,330 78,382 89,421 84.156 105,559 116,719 171,779 197.420 
Math and computer sciences................. 26,767 26,255 30,602 48,690 40,224 68,291 73,087 70,423 75.883 60.183 
Environmental sciences .................... 28,214 28,460 38,000 37,535 31,390 50.446 40,777 38,864 45.221 53.687 
DA eh eS ccesececs eens eeeceessces 370,790 500,943 511,079 588,010 643,917 650,834 710,458 851.023 978.822 1,084,821 
Chee oeeccessccesesecceseeeevec 15,933 9,371 11,751 15,623 30,282 11,936 16,077 8.680 9 946 12.240 
Social sciences ....................22005. 33,340 38,553 29,131 35,621 43,732 58,227 46,301 50,373 72,724 69,305 
Other sciences....................2.005.. 44,081 40,729 30,190 34,346 36,996 25,202 54,122 77,349 79,912 79,789 
DS bh See eo eevesecseceeceeeeenseses 68,697 86,371 126,065 118,445 116,244 166,805 276,613 330,441 318,305 328,485 
(continued) 
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Appendix table 5-11. 


Capital expenditures at universities and colleges, by field and source of funds: 1980-89 

(page 2 of 2) 

Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

asec ~——— Thousands of constant 1982 dollars’ : ; ~ 

i dag eee 4 40-0 4405 406 ive ee Hewes sees 932,302 1,023,037 964.596 1,047,421 1,085,709 1,096.266 1,304,256 1.471.715 1,607,184 1,650,365 

a 826,152 909,855 817,600 916.142 949.946 931,652 1.029.914 1.149.955 1,306,805 1,356,993 
Physical sciences......................... 91,534 95,359 83,296 93,890 101,795 103,694 125,462 132,885 168,494 187,522 
Math and computer sciences................. 38,851 34,230 35,651 52,005 45,217 69,225 79,122 70,023 78,452 53,272 
Environmental sciences .................... 43,340 39,472 44,006 40,461 33,476 48,931 42,743 45,803 48.246 57,339 
Life sciences ....................-...-... 534,007 634,505 578,398 640,268 662,345 619,681 670,930 770,100 863,379 916,709 
Pyschology...............-.--.--..----. 21,206 11,951 12,956 16,027 28,946 11,483 15,558 8,192 9.974 10,962 
Social sciences ...............-......-... 41,251 49,033 31,344 39,237 43,387 54,441 43,594 46,772 66,363 61,135 
Other sciences......................-.... 55,962 45,305 31,949 34,254 34,780 24,197 52,505 76,179 71,897 70,053 

Engineering.................-..--..-.--5-- 106,150 113,182 146,996 131,279 135,763 164,613 274,342 321,760 300379 293,373 

Federalsources ........................... 174,166 172,261 126,448 129,615 131,655 95,757 148,903 163,721 166,122 162,353 

Total sciences.................-....---..... 149,084 151,746 105,517 111,972 103,335 80,701 116,124 121,916 127,468 128,158 
Physical sciences......................... 27,070 28,528 21,966 18,691 19,145 28,240 33,279 33,999 27,249 31,757 
Math and computer sciences................. 7,265 6,061 5,049 5,292 8,039 7,996 15,296 10,360 16,058 5,787 
Environmental sciences .................... 10,046 8,937 6,006 4,451 4,462 3,701 7,133 12,877 11,063 14,979 
Life sciences .................-2.--..00-5. 96,449 97,046 67,319 76,135 67,182 36,146 50,496 49,100 58,546 60,778 
Pyschology..............-..-----2--005. 2,404 1,897 1,205 1,038 957 781 1,519 838 1,796 1,305 
Social sciences ..................-..--0.. 1,907 7,670 2,213 5,063 2,966 2,235 3,160 4,095 6,566 6,452 
Other sciences... ... 2... 2... ee eee 3,944 1,607 1,759 1,303 585 1,601 5,241 10,648 6,190 7,099 

Engineering ................-...--02-0005-- 25,082 20,515 20,931 17,643 28,320 15,057 32,780 41,805 38,654 34,196 

Non-Federalsources........................ 758,136 850,776 838,148 917,806 954.054 1,000,508 1,155,353 1,307,993 1,441,062 1,488,012 

Total sciences..................0.0 0c eee eee 677,068 758,109 712,083 804,171 846,611 850,952 913,791 1,028,038 1,179,337 1,228,835 
Physical sciences......................... 64,465 66,831 61,330 75,199 82,651 75,454 92.183 98,886 141,245 155,766 
Math and computer sciences................. 31,587 28,169 30,602 46,713 37,178 61,229 63,826 59 664 62,395 47,485 
Environmental sciences .................... 33,294 30,535 38,000 36,011 29,013 45,230 35,610 32,926 37,183 42,359 
Da Fé Soaccecccccccecccececeess 437,558 537,459 511.079 564,133 595,164 583,535 620,434 721,001 804,833 855,931 
asec caccceesceccecsececescens 18,802 10,054 11,751 14,989 27,989 10,702 14,040 7,354 8.178 9,657 
Social sciences ..............-...20 20005. 39,344 41,363 29,131 34,175 40,421 52.206 40,434 42,677 59,797 54,682 
Other sciences... . 2. 2 ene 52,019 43,698 30,190 32,951 34,195 22,596 47 264 65,531 65,707 62,954 

Engineering ....... 2... .....0 2c eee eee eens 81,067 92,667 126,065 113,635 107,443 149,557 241,562 279.955 261,725 259,177 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989, NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); 


and annual series. 
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Appendix table 5-12. 
Cost and square footage of academic R&D construction: 1986-91 
New R&D space Cost’ Cost per square foot 
1986-87 1988-89 1990-91 1986-87 1988-89 1990-91 1986-87 1988-89 1990-91 
Fieid actual actual planned actual actual planned actual actual planned 
—Thousands of square feet — -—.. Milhons of dollars _- Dollars 
SE ccnceeewsesusens 9,922 10,647 11,222 2.051 2,464 3,495 207 231 311 
Physical sciences ....... 799 2,000 1,564 182 401 624 228 201 399 
Mathematcal scrences 9 23 45 2 8 11 222 320 244 
Computer sciences ...... 237 286 3392 61 65 99 257 227 253 
Erwironmental scences 380 324 520 57 82 165 150 253 317 
Agncultural sciences ..... 1,513 1,146 756 150 152 186 99 133 246 
Biological sciences ...... 1,708 2,262 2,808 463 577 944 271 255 336 
Medical sciences........ 1,948 2.253 2.723 505 647 877 259 287 322 
Psychology. ........... 132 115 21 23 25 9 174 217 429 
Social sciences ......._. 202 329 162 38 48 Ke) 138 146 210 
Other sciences ......... 603 418 3% 139 70 17 231 167 472 
Engineering. ........... 2,390 1,490 2.196 430 388 529 180 260 241 


NOTE: Data for 2 years are combined, e.g.. 1968-89 refers to two academic years. 
‘Project cost estimates are prorated to reflect R&D component ony. 
SOURCE: Science Resources Studies Division. Natonal Science Foundation. Saentific and Engineenng Research Faciibes at Universines and Colleges 
1990, NSF 90-318 (Washington, DC: NSF, 1990). 
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Appendix table 5-13. 
Current fund expenditures for research equipment at universities and colleges, by field: 1981-83 
(page 1 of 2) 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Federal and non-Federal 
Thousands of current dollars 
Di s<cebiebheeaveséeveevewesees 418.273 421,400 455.167 541,596 680508 790.166 847.339 921.099 997.880 
Physical sciences................ 77,527 79,554 81,039 103,684 142.045 163.010 165.492 180.910 179,388 
Mathematical sciences ............ 2.641 3568 3,746 5326 £46,149 6,854 9.764 9.601 10,555 
Computer sciences............... 13,011 14,726 18588 22919 37,541 44274 43645 44505 42.321 
Environmental sciences............ 31,102 28528 31.672 41,625 48280 51.846 55532 55.563 66.430 
Life sciences ................... 199.646 201,924 211,370 245.998 287,553 335.407 344.107 386.374 442.421 
en vo cb etedsensewtess 5,754 5,701 6603 7,346 8,758 8.673 10,600 9.647 10,717 
Social sciences.................. 7,733 7.073 9452 13,800 10040 13,892 11,779 11,832 14378 
Other sciences.................. 7,261 8.992 10438 10342 14,718 20,070 27.265 27,005 26,680 
Engineering .................... 73,538 71,334 82259 90,556 125.424 146.140 179,155 195,662 204,990 
Federal 

DE cc accescocecetoeseceoses 262.394 270,433 281,267 342,321 433,132 501,902 527230 577,412 594,191 
Physical sciences................ 59.460 63,763 63,610 82,653 113,189 130,405 130,267 142,077 131,653 
Mathematical sciences ............ 1,850 2559 2485 4082 4934 5,172 7,577 7516 6,946 
Computer sciences............... 7,132 9.865 12223 16846 29.398 35.09 33992 34,716 28,983 
Environmental sciences............ 18,870 18370 19,719 29,760 33,041 35.779 36,144 36,624 44,790 
RD. occccccccccccccece 117,842 116,473 115,033 137,224 157,056 188,614 188,344 215.754 239,523 
Psychology... .................. 4,166 4,052 4596 4998 6228 5,857 8,105 6.575 6,892 
Social scilences.................. 3,380 2,748 3.103 3905 4,044 4,179 3,438 3.296 48672 
Other sciences.................. 4,061 5.724 6245 5,601 6792 11,762 14,085 13,014 13,410 
Engineering .................... 45.633 46,879 54,253 57.252 78450 85,036 105,338 117,840 117,322 

Non-Federal 
i ¢vesngpwewesteseeesesies 155,879 150,967 173,900 199.275 247.376 288.264 320,109 343,687 403,689 
Physical sciences................ 18,067 15,791 17,429 21,031 28,856 32,605 35,225 38833 47,735 
Mathematical sciences ............ 791 1,009 1,261 1,244 1,215 1,682 2,187 2,085 3,609 
Computer sciences............... 5,879 4,861 6.365 6,073 8,143 9,176 9,713 9,789 13,338 
Environmental sciences............ 12,232 10,158 11,953 11,865 15.239 16,067 19,388 18939 21,640 
Life sciences ................... 81,804 85,451 96,337 108,774 130497 146,793 155,763 170,620 202,898 
Pyschology................0005. 1,588 1,649 2007 2348 2530 2,816 2,495 3,072 3,825 
Social sciences.................. 4,413 4,325 6349 9895 5,996 9,713 8,341 8536 9,706 
Other sciences.................. 3,200 3,268 4,193 4,741 7,926 8.308 13,180 13,991 13,270 
Engineering ..............00005. 27.905 24455 28,006 33,304 46,974 61,104 73,817 77,822 87,668 

Federal and non-Federal 

-—----- Thousands of constant 1982 dollars’ 
lt on660000¢66¢600400606%0%% 448,763 421,400 436,684 500,590 610,140 690,042 717,879 757,370 787,334 
Physical sciences................ 83,178 79,554 77,748 95,834 127,357 142,354 140,208 148,753 141,538 
Mathematical sciences ............ 2,834 3,568 3,594 4923 5513 5,986 8,272 7,894 8,328 
Computer sciences............... 13,959 14,726 17.833 21,184 33,659 38,664 36.977 36,594 33,392 
Environmental sciences............ 33,369 28528 30,386 38473 43,288 45.276 47,048 45,686 52,414 
Life sciences ................... 214,199 201,924 202,787 227,373 257,819 292,906 291,533 317,695 349,073 
Pyechology.................005. 6,173 5,701 6.335 6,790 7,852 7,574 8,980 7,932 8,456 
Social sciences.................. 8,361 7,073 9.068 12,755 9,002 12,132 9,979 9,729 11,344 
Other sciences.................. 7,790 8.992 10,014 9559 13,196 17,527 23,099 22.205 21,051 
Engineering . se sessessesseeeees : 78,899 71,334 78,919 83,700 112,455 127,622 151,783 160,882 161,739 
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Appendix table 5-13. 
Current fund expenditures for research equipment at universities and colleges, by field: 1981-89 
(page 2 of 2) 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Federal 

————Thousands of constant 1982 dollars’ ——_--_-—- -—------ 
RE 281,521 270,433 269.846 316,403 388,344 438,304 446,678 474,775 468,821 
Physical sciences................ 63,794 63,763 61,027 76,395 101,485 113,881 110,364 116,822 103,875 
Mathematical sciences ............ 1,985 2,559 2,384 3,773 4,424 4,517 6,419 6,180 5,480 
Computer sciences............... 7,652 9865 11,727 15,571 26358 30,651 28,748 28545 22.868 
Environmental sciences............ 20.246 18,370 18918 27,507 29,624 31,245 30622 30,114 35,340 
Lifesciences ................... 126,432 116,473 110,362 126.834 140816 164,714 159,568 177,403 188,985 
Pyschology..................... 4,470 4,052 4,409 4,620 5,584 5.115 6,867 5,406 5,438 
Social sciences.................. 3,626 2,748 2,977 3,609 3,626 3,649 2,913 2.710 3,686 
Other sciences .................. 4,357 5,724 5,991 5,177 6.090 10.272 11,933 10,701 10,581 
Engineering .................... 48.959 46.879 52,050 52,917 70,338 74,261 89,244 96894 92568 

Non-Federal 
i tec 167,242 150,967 166.839 184,187 221.796 251.737 271,202 282.595 318,513 
Physical sciences................ 19.384 15,791 16,721 19,439 25872 28474 29843 31,930 37,663 
Mathematical sciences ............ 849 1,009 1,210 1,150 1,089 1,469 1,853 1,714 2,848 
Computer sciences............... 6,308 4,861 6,107 5,613 7,301 8.013 8,229 8.049 10,524 
Environmental sciences............ 13,124 10,158 11468 10967 13,663 14,031 16426 15,573 17.074 
Life sciences ................... 87.767 85,451 92.425 100,538 117,003 128,192 131,965 140.292 160,088 
Ee 1,704 1,649 1,926 2,170 2,268 2,459 2.114 2,526 3.018 
Social sciences.................. 4,735 4,325 6,091 9,146 5,376 8,482 7,067 7,019 7,658 
Other sciences.................. 3,433 3,268 4,023 4,382 7,106 7,255 11,166 11,504 10470 
ee 29.939 24455 26869 30.782 42.117 53,361 62539 63,989 69.171 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars into constant 1982 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and annual series. 
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Appendix table 5-14. 
Trends in research equipment in the $10,000-$999,000 range, by system age: 


1982-83, 1985-86, and 1988-89 
1982-83 1985-86 1988-89 
-Number- -Percent -Number -Percent- "Number —Percent 

Totalsystems .......... 36,300 100 53,390 100 78,950 100 
Age (from year of purchase) 

Less than 3 years..... 12,705 35 19,637 37 29,968 38 

3-5 years ........... 9,801 27 13,791 26 24,312 31 

6 ormore years ...... 13,794 38 19,962 37 24,670 31 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of 
Science/Engineering Equipment in Academic Settings: 1989-90, NSF 91-315 (Washington, DC: NSF. 
1991); and earlier reports. 
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Appendix table 5-15. 
National stock of in-use academic instrumentation, in selected fields: 1982-83, 1985-86, and 1988-89 

Instrument Aggregate Mean price 

systems purchase price per system 
Field 1982-83 1985-86 1988-89 1982-83 1985-86 1988-89 1982-83 1985-86 1988-89 
— i -—~ Millions of dollars —- ~-Thousands of dollars 

ee 36,300 53,390 78,950 1,303 2,044 3,177 36.1 38.3 40.2 
ee 4800 7,019 10,365 210 340 551 43.6 48.5 53.2 
Physics/astronomy ............... 3,900 5,325 8,131 180 248 357 45.8 46.6 44.0 
Computer sciences............... 900 2,178 3,703 50 109 165 57.8 49.8 444 
Environmental sciences............ 2,100 3,300 4,477 109 172 246 51.6 52.2 55.0 
Biological sciences ............... 15,300 22,301 29,530 420 645 928 27.4 28.9 31.4 
Agricultural sciences.............. 1,600 2,570 3,851 38 62 93 22.7 24.2 24.2 
Engineering .................... 7,600 10697 18,894 296 467 837 38.5 43.7 44.3 


NOTES: Details may not sum to totals because of rounding. Number of instrument systems, aggregate purchase price, and mean price per system are not 
adjusted for inflation. 
SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Science/Engineering Equipment in Academic Settings: 
1989-90, NSF 91-315 (Washington, DC: NSF, 1991); and earlier reports. 
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Appendix table 5-16. 
Number and percentage of science and engineering fields in 277 universities and colleges, by total R&D 
volume and field: 1980-89 
(page 1 of 2) 
More than Morethan More than More than More than More than 
Total $1 million $5 million $10 million Total $1 million $5 million $10 million 
Total science and engineering 
Number — eat -—___—— 
1980............... 3,621 1,162 382 188 52.3 16.8 5.5 2.7 
1981............... 3,530 1,186 377 197 51.0 17.1 5.4 2.8 
1982............... 3,539 1,192 372 195 51.1 17.2 5.4 2.8 
1983............... 3,546 1,225 394 209 51.2 17.7 5.7 3.0 
1984............... 3,601 1,231 402 222 52.0 17.8 5.8 3.2 
Mn eseecedeeseras 3,602 1,308 441 247 52.0 18.9 6.4 3.6 
1986............... 3,691 1,396 482 264 53.3 20.2 7.0 3.8 
1987............... 3,672 1,450 512 291 53.0 20.9 7.4 42 
1988............... 3,670 1,526 543 301 53.0 22.0 78 43 
ii nazwaceseessees 3,717 1,575 572 310 53.7 22.7 8.3 45 
Physical sciences 
ES 542 203 49 9 48.9 18.3 44 0.8 
i vecagenseseness 531 207 47 8 47.9 18.7 42 0.7 
errr Te 532 209 50 8 48.0 18.9 45 0.7 
i n¢se¢46e004404 536 218 53 11 48.4 19.7 48 1.0 
Ti ccssenendseeea 538 223 55 13 48.6 20.1 5.0 1.2 
1985............... 541 236 70 16 48.8 21.3 6.3 1.4 
1986............... 551 249 78 17 49.7 22.5 7.0 1.5 
Ci bepaseeadesses 556 256 79 21 50.2 23.1 7.1 1.9 
eee 547 269 86 23 49.4 24.3 7.8 2.1 
558 274 90 25 50.4 24.7 8.1 2.3 
Mathematical and computer sciences 
i s4404000442044 316 51 g 1 57.0 9.2 1.6 0.2 
Cs csatéseenesads 323 55 8 2 58.3 ag 1.4 0.4 
ii esececnscanadas 333 56 8 1 60.1 10.1 1.4 0.2 
i cccocuees ana Xs 335 67 a 2 60.5 12.1 1.6 0.4 
ih eeeeeeacnedess 344 69 11 5 62.1 12.5 2.0 0.9 
Sh 5644800840688 344 76 15 7 62.1 13.7 2.7 1.3 
Th saeeeseeaaeaes 364 90 16 8 65.7 16.2 2.9 1.4 
Pe 365 101 17 9 65.9 18.2 3.1 1.6 
i teeeeeseneeens 369 109 22 10 66.6 19.7 4.0 1.8 
ns thsoneeeneees 379 114 23 8 68.4 20.6 4.2 1.4 
Environmental sciences 
A dseasade dees 446 132 33 11 40.3 11.9 3.0 1.0 
Tt dn40nsehes4e4s 395 142 31 11 35.6 12.8 2.8 1.0 
Pe 385 138 30 11 34.7 12.5 2.7 1.0 
PD ceecedecesendee 370 138 30 11 33.4 12.5 2.7 1.0 
Ti epicescaseeces 367 136 29 13 33.1 12.3 2.6 1.2 
Tne asscecaseses 364 140 33 16 32.9 12.6 3.0 1.4 
ee 380 143 38 18 34.3 12.9 3.4 1.6 
ee 380 149 38 20 34.3 13.4 3.4 1.8 
i 6 ¢adenedeeneee 380 146 41 19 34.3 13.2 3.7 1.7 
Ti «20046000460044 372 155 46 18 33.6 14.0 42 1.6 
Life sciences ) 
i .avseandaeceee 593 360 227 145 53.5 32.5 20.5 13.1 
DC ateesendeesers 600 366 231 156 54.2 33.0 20.8 14.1 
is 0464206004905 610 370 229 151 55.1 33.4 20.7 13.6 
i + 60¢66e400000% 628 379 242 165 56.7 34.2 21.8 14.9 
Ms 6626804664609 6% 640 380 239 170 57.8 34.3 21.6 15.3 
Ms wecdbeesecedas 642 387 249 185 57.9 34.9 22.5 16.7 
0 Serer errr 658 393 261 192 59.4 35.5 23.6 17.3 
SPP rrr ery rrr 657 404 268 201 59.3 36.5 24.2 18.1 
is octhiatedeeees 652 415 269 208 58.8 37.5 24.3 18.8 
i «b40609006660.4 660 420 278 213 59.6 37.9 25.1 19.2 
(continued) 
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Appendix table 5-16. 
Number and percentage of science and engineering fields in 277 universities and colleges, by total R&D 
volume and field: 1980-89 
(page 2 of 2) 
More than More than More than More than More than More than 
Total $1 million $5 million $10 million Total $1 million $5 million $10 million 
Social sciences and psychology 

—_—_—_—_—_———— Number ——_—_—_______——- —__—___—_____——— Pgroent- — 
1980 ............... 868 165 17 3 62.7 11.9 1.2 0.2 
1981 ............... 859 166 14 3 62.0 12.0 1.0 0.2 
1982 ............... 879 160 12 2 63.5 11.6 0.9 0.1 
OOO8 ............... 871 151 13 1 62.9 10.9 0.9 0.1 
PE sctueeanddes 4 906 145 17 2 65.4 10.5 1.2 0.1 
1985 ............... 889 158 15 1 64.2 11.4 1.1 0.1 
1986 ............... 908 181 22 1 65.6 13.1 1.6 0.1 
1987 ............... 890 184 23 4 64.3 13.3 1.7 0.3 
1988 ............... 896 203 28 4 64.7 14.7 2.0 0.3 
1989 ............... 907 214 30 6 65.5 15.5 2.2 0.4 

Engineering 

1980 ............... 856 251 47 19 51.5 15.1 2.8 1.1 
1981 ..... 02.0000, 822 250 46 17 49.5 15.0 28 1.0 
eee 800 259 43 22 48.1 15.6 2.6 1.3 
i cceyeaceiowses 806 272 47 19 48.5 16.4 2.8 1.1 
1984 ............... 806 278 51 19 48.5 16.7 3.1 1.1 
MEE 600.9000 6446466 822 311 59 22 49.5 18.7 3.5 1.3 
1986 ..........0.... 830 340 67 28 499 20.5 4.0 1.7 
1987 ............... 824 356 87 36 49.6 21.4 5.2 2.2 
1988 ............... 826 384 97 37 49.7 23.1 5.8 2.2 
ts an esinaeeesea 841 398 105 40 50.6 23.9 6.3 2.4 


NOTES: Data represent 26 fields in 277 universities and colleges continuously surveyed by the Nationa! Science Foundation since 1973. Funding is in 
constant 1988 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991): and unpublished tabulations. 
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Appendix table 5-17. 

Selected academic institutions by number of their science and engineering fields exceeding $1 million in total 
R&D expenditures: 1980-89 

Number of fields 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
[apres 75 70 73 74 73 62 57 52 49 47 
a ee ae tn 30 32 29 25 28 35 31 30 25 30 
Ree 39 38 42 38 37 43 40 38 41 37 
eee 17 18 15 18 15 10 16 22 22 21 
De euieedue ss 15 12 14 17 14 13 16 18 21 15 
To eehmee a 44K 13 22 16 16 20 17 12 12 11 16 
rere 13 11 14 16 16 16 15 12 14 10 
Diacccacexuesns 10 - 10 7 12 13 15 14 12 12 
errr 11 8 - 11 5 7 11 - 7 12 
errr rrr 8 9 5 5 9 8 8 12 7 8 
er are - 10 12 12 7 7 8 7 12 10 
aceeaeee ee ae 6 7 8 5 8 8 7 9 8 9 
ere 7 - 4 6 7 6 8 5 8 6 
rrr ee 6 = 6 5 6 8 6 8 6 11 
eeeaten¢eues 3 5 5 2 3 5 3 5 7 5 
dgawdeerene 7 4 4 5 6 4 7 4 3 4 
ng wenaeg eae 2 1 2 3 1 4 2 3 3 2 
— PPT Tee 0 3 2 3 2 3 3 4 6 4 
i ctastes anos 2 1 1 1 0 0 2 4 5 6 
eee 1 0 4 1 2 1 3 0 0 2 
icatekevaees-s 2 3 1 4 4 3 3 4 4 3 
OD na0s4aeeaee 1 0 0 0 0 2 2 3 3 4 
rrr 0 1 1 0 1 1 0 0 1 1 
tend o5een 4% 0 0 0 1 1 1 1 1 1 2 
is aturdsahnes 0 0 0 0 0 0 1 1 1 0 
it sastnednees 0 0 0 0 0 0 0 0 0 0 
C—O 0 0 0 0 0 0 0 0 0 0 


NOTES: Data represent 26 fields in 277 universities and colleges continuously surveyed by the National Science Foundation since 1973. Funding is in 
constant 1988 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations. 
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Appendix table 5-18. 
Total and Federal academic R&D funds, by geographic region and field: 1973-74, 1980-81, and 1988-89 
Total Mathematical Environ- 
science and Physical andcomputer mental Life Social Other 

Region engineering sciences sciences sciences sciences Psychology sciences sciences Engineering 

1973-74 
Percentage of total R&D ——---- ———_—— 

East...... 28.0 33.2 36.3 26.1 27.0 28.8 27.5 26.3 27.4 

West ..... 24.3 27.6 20.6 43.7 22.1 21.6 20.9 14.0 248 

North... .. 24.1 21.0 23.0 14.9 23.7 29.6 31.5 31.9 26.4 

South... .. 23.3 18.2 20.0 15.0 26.5 20.0 20.0 27.7 21.2 
1980-81 

East...... 26.5 31.8 37.9 24.5 24.9 31.2 26.7 18.9 27.8 

West ..... 24.8 27.5 16.0 41.3 22.8 21.9 20.5 24.4 24.4 

North..... 22.7 21.0 21.2 13.1 23.7 29.8 28.3 30.3 21.8 

South. .... 25.7 19.7 24.8 20.8 28.0 17.1 24.2 26.4 25.9 
1988-89 

East...... 26.0 27.7 36.9 24.0 24.8 32.4 28.0 15.8 27.3 

West ..... 23.1 28.6 22.3 35.7 21.6 22.4 17.6 17.1 21.5 

North... .. 21.1 19.9 15.2 11.9 22.1 22.5 23.5 36.8 21.2 

South. .... 29.1 23.0 24.9 27.4 30.7 21.2 29.9 30.1 29.5 
1973-74 

— oe Percentage of Federal R&D -——----—--- 

East...... 29.9 34.2 41.4 28.4 29.1 28.4 26.6 29.6 28.9 

West..... 26.7 29.2 21.8 48.7 24.0 23.2 22.5 13.0 279 

North..... 22.2 20.9 21.7 10.4 21.6 27.8 33.0 29.8 25.2 

South. .... 21.0 15.7 15.1 12.4 24.9 20.6 17.9 27.6 17.9 
1980-81 

East...... 29.2 32.7 40.6 27.3 28.1 30.1 29.5 18.0 30.2 

West ..... 26.7 29.4 19.2 44.2 23.7 23.7 21.1 27.1 28.4 

North..... 21.0 21.2 20.9 10.9 21.5 30.5 28.5 26.5 20.7 

South..... 22.8 16.6 19.1 17.4 26.2 15.7 20.9 28.4 20.7 
1988-89 

East...... 28.6 29.6 40.2 26.7 28.1 32.5 27.8 13.0 28.4 

West..... 25.7 30.7 27.5 38.5 22.7 25.4 19.1 22.2 27.1 

North..... 19.6 19.8 13.0 10.1 20.5 22.3 26.8 29.7 19.9 

South..... 25.5 19.2 18.7 23.4 28.1 18.0 25.7 34.9 24.1 


SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations. 
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Appendix table 5-19. 
Total and Federal academic R&D funds, by state: 1973-74, 1980-81, and 1988-89 

Total R&D funds Federal R&D funds 
State 1973-74 1980-81 1988-89 1973-74 1980-81 1988-89 
TOTALU.S................. 6,957,428 8,516,040 13,534,597 4,734,782 5,640,293 8,013,164 
Alabama .................. 68,264 86,948 201,203 48,959 57,101 117,105 
Alaska.................... 41,929 53,634 52,133 26,634 31,199 24,511 
Mn ccveceveveseceees 72,454 114,176 206,839 37,550 62,856 97,870 
Arkansas.................. 25,241 41,160 41,727 10,838 12,736 15,126 
Califomia.................. 909,923 1,133,468 1,771,457 729,244 853,894 1,225,363 
a 149,326 174,311 211,870 115,011 130,202 156,176 
Connecticut................ 127,378 174,674 265,068 93,220 136,424 177,226 
Delaware.................. 13,380 23,044 34,350 7,370 12,622 15,492 
District of Columbia .......... 71,689 75,789 106,217 57,006 54,553 78,285 
BL detedeeseeducevetes 176,897 204,349 336,286 98,970 111,109 172,155 
ee 130,967 197,320 383,293 58,904 103,286 188,953 
Hawaii.................... 54,416 56,702 66,077 34,789 34,653 38,747 
| eee 22,693 24,255 31,320 10,178 11,328 11,636 
Winois.................... 324,353 344,751 565,177 234,023 241,156 320,937 
ee 132,574 151,017 215,068 94,483 100,698 130,711 
ee 89,881 134,477 191,534 49,659 71,347 93,586 
Kansas ................... 76,003 71,067 101,787 47,837 37,409 42,500 
Kentucky.................. 40,057 55,594 88,364 21,194 25,278 34,187 
Louisiana.................. 83,460 112,037 173,385 35,619 44,740 65,951 
Maine.................... 16,253 22,169 18,436 10,597 9,295 7,572 
Maryland.................. 176,314 209,527 453,681 136,676 164,623 267,580 
Massachusetts.............. 460,890 563,641 818,277 378,669 452,787 594,032 
Michigan .................. 260,123 307,132 453,699 163,988 179,261 247,986 
Minnesota................. 136,158 171,339 243,299 78,625 99,362 124,368 
Mississippi................. 48,217 59,223 73,903 21,677 23,278 33,528 
Missouri................... 156,664 160,898 241,836 99,653 100,900 130,888 
Montana .................. 22,865 26,295 32,148 9,915 14,136 12,612 
Nebraska.................. 45,867 61,115 86,742 17,663 23,262 35,219 
Nevada................... 16,435 17,621 36,400 7,817 9,121 19,827 
New Hampshire............. 18,998 31,776 58,659 15,646 22,865 39,602 
New Jersey................ 121,951 123,181 258,633 68,884 74,978 110,167 
New Mexico................ 40,846 85,343 130,054 32,564 65,279 73,893 
New York.................. 817,816 856,638 1,274,185 576,985 600,764 839.956 
North Carolina.............. 182,093 197,632 400,220 127,821 137,355 247,718 
North Dakota............... 16,710 26,850 25,481 6,632 10,310 17,448 
DCP CR a6 ececesccesesiee 187,587 261,372 392,104 127,200 170,328 225,555 
Oklahoma ................. 46,190 78,259 112,532 24,776 31,672 32,502 
DD caseccececeseecees 84,008 103,193 152,439 58,250 63,960 92,996 
Pennsylvania............... 333,071 405,658 706,119 229,245 287,630 440,510 
Rhode Isiand............... 32,363 51,516 77,060 28,696 44 406 56,141 
South Carolina.............. 29,351 50,064 109,967 13,155 26,148 40,905 
South Dakota............... 15,987 14,007 12,243 7,090 5,999 5,955 
Tennessee................. 82,108 122,175 200,092 65,736 73,492 111,979 
eee 342,309 524,414 937,620 203,405 307,776 468,579 
Ce cdeedesveceeecacogae 89,001 95,319 152,099 65,878 68,623 101,227 
Vermont ..............4.5.. 17,827 23,507 39,202 11,758 16,970 26,553 
EE occczsccesceccssess 87,632 126,168 246,478 52,858 88,398 135,571 
Washington................ 167,376 206,872 256,550 124,975 150,988 190,202 
West Virginia............... 16,454 25,413 34,137 10,902 13,751 16,323 
Wisconsin ................. 232,321 232,185 333,245 123,646 145,305 193,489 
Wyoming.................. 16,288 16,577 21,399 10,792 8,866 12,191 
Remaining areas ............ 28,465 30,187 102,506 11,118 15,811 53,574 


NOTE: Funding is in constant 1988 dollars. 
SOURCES: Science Resources Studies Division, National Science Foundation, Academic Science/Engineering: R&D Expenditures, Fiscal Year 1989. 
NSF 90-321, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations. 
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Appendix table 5-20. 
Science and engineering doctorate-hoiders employed by academic institutions and those active in R&D, by 
field: 1979 and 1989 


Total Total in Active in 
employment R&D R&D 
Field 1979 1989 1979 1989 1979 1989 
e-————___—_——_-—— ——~ Percent -—— 
TOTAL SCIENCE AND ENGINEERING ... 153,220 202,089 100,562 154,860 65.6 76.6 
Physical sciences ................... 22,549 25,163 15,513 19,800 68.8 78.7 
Astronomy ...................... 1,235 1,642 1,074 1,486 87.0 90.5 
Chemistry ...................... 13,147 14,276 8,460 10,849 64.3 76.0 
Physics ........................ 8,167 9,245 5,979 7,465 73.2 80.7 
Math and computer sciences ........... 13,504 19,118 8,235 13,465 61.0 70.4 
Mathematical sciences ............. 11,001 12,323 6,560 8,825 59.6 71.6 
Computer sciences................ 2,192 6,090 1,491 4,122 68.0 67.7 
Other... .................2.-2.-.. 311 705 184 518 59.2 73.5 
Environmental sciences............... 5,278 7,385 4,106 6,560 778 88.8 
Atmospheric sciences.............. 637 845 615 800 96.5 94.7 
Earth sciences ................... 3,454 4,493 2,554 3,870 73.9 86.1 
Oceanography ................... 669 1,328 645 1,261 94.9 95.0 
NN cb 6 6 0:0 64 bb eceweceeee vee 518 719 292 629 57.8 87.5 
Life sciences....................... 48,282 67,380 36,353 55,647 75.3 82.6 
Agricultural sciences............... 6,567 8,943 4,993 7,696 76.0 86.1 
Biological sciences................ 32,936 45,569 25,982 39,380 78.9 86.4 
Medical sciences ................. 7,232 9,202 4,796 6,452 66.3 70.1 
DR bad 0040s eecdacecescececees 1,547 3,666 582 2,119 37.6 57.8 
NS 6 66:6: -00 66s eeceseenceees 16,616 21,354 8,112 12,423 48.8 58.2 
Social sciences..................... 28,165 37,158 15,021 27,294 53.3 73.5 
Anthropology .................... 2,044 2,763 1,070 2,205 52.3 79.8 
0-266 cdbabeesacuseuue 7,126 10,497 4,711 8,052 66.1 76.7 
History of science................. 350 1,077 172 576 57.3 53.5 
CN 6 cokes ccssccnsevecdcve 969 1,430 667 1,194 68.8 83.5 
Political science .................. 7,842 9,278 3,064 6,678 38.8 72.0 
Sociology... . 6. eee ee eee 5,655 6,949 3,268 4,967 57.8 71.5 
EE 6.6.0 44 6€ 40 40eseewtesesnees 4,179 5,164 2,069 3,622 49.5 70.1 
Other sciences ..................... 5,052 3,133 2,628 1,922 52.0 61.3 
Engineering ...............0.0000.. 13,839 21,517 10,659 17,749 77.0 82.5 
Aeronautical/astronautical........... 598 1,031 556 893 93.0 86.6 
Chemical....................5.-. 1,060 2,051 777 1,886 73.3 92.0 
Cee eeceanectceccieeereuses 2,165 3,278 1,822 2,529 84.2 77.2 
Electrical/electronic................ 2,490 4,402 1,830 3,442 73.5 78.2 
Materials/metallurgy............... 1,300 1,595 1,044 1,421 80.3 89.1 
Mechanical ..................... 2,374 3,938 1,675 3,295 70.6 83.4 
TN C660 000 46¢646064060806605 3,852 5,222 2,955 4,283 76.7 82.2 


NOTE: Academic institutions exclude federally funded research and development centers. 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers in the United States: 
1989, NSF 91-317, Detailed Statistical Tables (Washington, DC: NSF, 1991); and unpublished tabulations. 
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Appendix table 5-21. Se 

Academic employme:. and R&D activity of doctoral scientists and engineers, by gender, race/ethnicity, and field: 1979 and 1989 a 

(page 1 of 2) 

1979 1989 
Native Native 
White Black Asian American Hispanic White Black Asian American Hispanic 
Total 

Total employed 

Total science and engineering ........ 138,162 1,721 9,966 267 2,019 177,232 3,299 16,420 387 3,893 
Physical sciences............... 20,085 130 1,801 43 349 21,780 363 2,188 70 526 
Math and computer sciences..... .. 12,054 128 998 . 207 16,390 169 1,998 32 428 
Environmental sciences........... 4,991 . 176 71 6,774 24 383 193 
Life sciences .................. 43,310 523 3,507 46 627 59,576 927 5,537 80 1,095 
Payoleaiogy ................... 15,885 284 194 38 67 19,920 531 418 44 258 
Social sciences................. 25,511 542 1,479 90 312 32,900 987 2,147 143 837 
Other sciences................. 4,512 78 306 32 64 2,477 141 359 : 87 
Engineering................... 11,814 35 1,505 ° 322 17,415 157 3,390 : 469 

Active in R&D 

Total science and engineering ........ 89,395 866 8,173 206 1,257 133,976 2,055 14,627 302 3,154 
Physical sciences............... 13,633 94 1,478 : 183 16,923 306 1,913 68 432 
Math and computer sciences....... 7,199 51 751 . 131 11,264 115 1,636 28 321 
Environmental sciences........... 3,856 160 : 56 6,016 22 337 . 174 
Life sciences .................. 32,117 340 3,151 46 520 48,732 659 5,042 66 1,005 
Psychology ................... 7,804 94 68 38 30 11,650 217 290 33 85 
Social sciences................. 13,651 251 822 59 171 24,016 540 1,820 89 703 
Other sciences................. 2,242 22 269 32 33 1,447 84 319 * 70 
ee 8,893 ° 1,474 7 133 13,928 112 3,270 364 

Men 

Total employed 

Total science and engineering ........ 121,089 1,296 8,688 251 1,739 145,304 2.228 13,823 315 3,066 
Physical sciences............... 18,811 119 1,600 43 332 19,861 333 1.831 70 441 
Math and computer sciences....... 11,229 117 890 : 201 14,768 140 1,755 30 397 
Environmental sciences........... 4,711 7 163 66 6,123 22 354 180 
Life sciences .................. 36,562 324 2,810 35 530 45,647 524 4.175 47 805 
Psychology ................... 12,429 207 134 34 ’ 13,533 249 228 30 93 
Social sciences................. 21,779 447 1,359 90 241 26,443 696 1.875 124 628 
Other sciences ................ 3,866 47 257 32 36 1,993 114 305 : 76 
Engineering................... 11,702 34 1,475 . 322 16,936 150 3,300 446 

(continued) 
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Appendix table 5-21. 

Academic employment and R&D activity of doctoral scientists and engineers, by gender, race/ethnicity, and field: 1979 and 1989 

(page 2 of 2) 

1979 1989 
Native Native 
White Black Asian American Hispanic White Black Asian American Hispanic 
Men 

Active in R&D 

Total science and engineering ........ 79,634 654 7,184 191 1,101 110,934 1,413 12,362 251 2,496 
Physical sciences............... 12,917 89 1,329 . 174 15,555 278 1,609 68 361 
Math and computer sciences....... 6,782 50 691 ° 127 10,259 99 1,442 26 297 
Environmental sciences........... 3,663 : 147 . 54 5.426 22 308 * 164 
Life scileroeS .................. 27,367 225 2,554 35 454 37,720 404 3,770 37 752 
Psycliniogy ............-----.-.- 6,221 60 40 34 . 8.041 80 153 30 : 
Social sciences................. 11,844 208 749 59 134 19,248 348 1,620 76 517 
Other sciences................. 2,041 . 228 32 25 1,192 75 273 . 61 
Engineering................... 8,799 . 1,446 ° 133 13,493 107 3,187 : 344 

Women 

Total employed 

Total science and engineering ........ 17,073 425 1,278 . 280 31,928 1,071 2.597 72 827 
Physical sciences............... 1,274 , 201 . 17 1,919 30 357 7 85 
Math and computer sciences....... 825 7 108 7 6 1,622 29 243 . 31 
Environmental sciences........... 280 . 7 5 651 29 7 7 
Life sciences .................. 6,748 199 697 . 97 13,929 403 1,362 33 290 
eee 3,456 77 60 7 56 6,387 282 190 . 165 
Social sciences................. 3,732 95 120 . 71 6,457 291 272 . 209 
Other sciences................. 646 31 49 . 28 484 27 54 7 . 
Engineering................... 112 ; 30 ' 0 479 ; 90 . 23 

Active in R&D 

Total science and engineering ........ 9,761 212 989 7 156 23,042 642 2.265 51 658 
Physical sciences............... 716 ' 149 . . 1,368 28 304 ; 71 
Math and computer sciences....... 417 ' 60 . 1,005 ; 194 24 
Environmental sciences........... 193 . . . 590 29 . 
Life sciences .................. 4,750 115 597 66 11,012 259 72 29 253 
Psychology ................45. 1,583 34 28 30 3,609 137 137 ; 85 
Social sciences................. 1,807 43 73 . 37 4,768 192 200 186 
Other sciences................. 201 ° 41 ' , 255 . 46 ; 
Engineering. .................. 94 : 28 . . 435 83 20 


* = too few cases to estimate 

SOURCES: Science Resources Studies Division, 
NSF, 1991); and unpublished tabulations. 

See figure 5-9 and text tables 5-5 and 5-6. 
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Appendix table 5-22. 
Academic doctoral scientists and engineers active in R&D, by number of 
years since Ph.D. award and field: 1973-89 


(page 1 of 2) 
1-3 4-7 8-10 11-15 More than 
years years years years 15 years 
Total science and engineering 
— ——— Percent— 
1973 ........ 20.7 26.0 13.9 14.2 25.3 
1975 ........ 178 26.3 148 158 25.2 
1977 ........ 15.4 23.9 15.7 17.5 276 
1979 ........ 148 21.1 15.4 20.1 28.5 
1981 ........ 14.4 19.7 13.9 20.6 31.4 
1983 ........ 13.3 17.7 12.0 22.3 34.7 
1985 ........ 128 16.9 11.8 19.4 39.1 
1987 ........ 11.6 16.2 10.8 17.9 43.5 
1989 ........ 12.3 15.7 10.4 16.6 45.0 
Physical sciences 
1973 ........ 18.2 25.5 14.8 16.0 25.4 
1978 ........ 13.4 23.5 10.4 18.5 28.2 
1977 ........ 13.7 19.6 16.1 18.7 31.9 
1979 ........ 12.8 15.6 14.0 23.9 33.6 
1981 ........ 13.8 14.9 10.7 22.0 38.6 
1983 ........ 10.5 11.9 93 21.4 468 
1985 ........ 11.8 12.2 85 14.4 53.0 
1987 ........ 11.1 11.3 72 13.9 56.5 
1989 ........ 13.8 12.5 7.3 11.1 55.3 
Mathematica! and computer sciences 
1973 ........ 22.9 30.9 15.3 12.2 18.7 
1975 ........ 175 30.8 15.8 16.3 19.6 
DT «é69%60e0-0 15.4 245 19.1 17.6 23.5 
1979 ........ 13.3 18.9 18.7 244 246 
1981 ........ 13.8 18.6 13.8 24.7 29.2 
1983 ........ 12.6 18.7 10.3 23.0 35.5 
1985 ....... 12.7 17.3 88 20.3 409 
1987 ........ 11.0 17.3 9.3 17.0 453 
1989 ........ 12.0 16.5 98 14.6 472 
Environmental sciences 
ee 214 25.0 14.3 15.0 243 
SD 6 2%¢s604 21.3 24.1 16.0 15.8 22.8 
1977 ......... 16.5 25.5 13.4 17.5 27.0 
1979 ........ 15.8 18.9 15.4 21.9 28.0 
1981 ........ 17.6 17.4 14.8 19.1 31.1 
1983 ........ 14.9 19.7 14.0 17.8 33.6 
19085 ........ 11.0 17.4 12.1 20.1 39.3 
1987 ........ 12.7 17.2 75 21.7 40.9 
1989 ....... . 03 17.1 10.0 17.7 45.0 
Life sciences 

1973 ......... 19.6 23.8 12.5 13.7 30.4 
1975 ......... 17.8 25.8 13.1 15.1 28.3 
1977 ........ 15.6 24.3 15.0 16.2 28.9 
1979 ......... 15.4 23.0 15.2 17.4 231 
1981 ........ 15.9 20.7 13.7 19.6 30.2 
1983........ 145 18.0 12.4 22.5 32.7 
19085 ........ 13.6 18.2 118 20.8 35.6 
1987 ........ 12.4 17.4 12.1 18.6 39.4 
1989........ 13.7 17.0 11.5 16.9 40.9 


(continued) 


Appendix table 5-22. 
Academic doctoral scientists and engineers active in R&D, by number of 
years since Ph.D. award and field: 1973-89 


(page 2 of 2) 
1-3 4-7 8-10 11-15 More than 
years years years years 15 years 
Social sciences and psychology 
_ ——— 
1973 ........ 246 25.7 128 13.6 23.2 
1975 ........ 22.3 28.4 13.4 13.4 22.6 
1977 ........ 17.4 28.1 14.8 15.1 24.7 
1979........ 18.1 248 16.8 17.2 23.2 
1981........ 145 24.1 15.4 19.9 26.0 
1983........ 13.2 21.1 15.3 21.0 29.4 
1985........ 118 18.1 15.8 21.2 33.1 
1987........ 10.5 16.3 13.1 20.7 39.4 
1989........ 9.7 15.4 11.3 20.3 43.3 
Engineering 

SN 6 6 6 6-6:0 6:4 17.7 30.4 17.3 15.3 19.4 
ee 13.2 24.7 20.1 19.6 22.4 
BT 6664-08: 128 18.2 17.6 25.6 25.8 
ae 11.4 18.6 11.6 25.8 32.5 
BE céeseses 11.7 16.2 14.3 20.3 375 
Piieccesses 14.1 16.0 79 26.2 35.8 
1985 ........ 14.5 15.9 9.9 16.1 43.6 
TT ¢scesees 12.3 16.9 84 14.0 48.4 
i scogeees 13.5 15.4 9.5 14.3 472 


NOTE: “Active in R&D” is defined as those individuals who report R&D as either thei primary or 
SOURCES: Science Resources _ dies Division, National Science Foundation, Characteristics of 
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317. Detailed Statistical Tables 
(Washington, DC: NSF, 1991); and unpublished tabulations. 

See figure 5-10. Science & Engineering indicators - 1991 
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Appendix table 5-23. 
Participation of academic doctoral scientists and engineers in R&D, by 
number of years since Ph.D. award and field: 1973-89 


(page 1 of 2) 
1-3 4-7 8-10 11-15 More than 
Total years years years years 15 years 
Total science and engineering 
a 
1973...... 77.9 80.9 79.7 79.1 76.0 74.2 
1975...... 73.2 80.2 75.3 73.8 71.1 68.0 
1977...... 68.2 73.2 68.3 69.0 66.1 66.5 
1979..... 66.5 76.3 68.7 64.9 64.8 62.8 
1981...... 64.6 80.3 70.6 63.4 60.0 59.7 
1983...... 63.1 77.7 72.1 64.0 59.8 57.2 
1985...... 64.3 778 71.5 67.7 59.8 59.6 
1987...... 76.5 87.2 83.2 80.0 75.3 71.6 
1989...... 77.7 88.6 87.2 80.4 77.4 72.0 
Physical sciences 
1973...... 80.7 84.6 81.7 83.9 82.2 74.7 
1975...... 77.4 85.3 79.7 80.3 76.3 71.9 
1977...... 74.1 87.8 73.2 73.3 70.5 72.4 
1979...... 69.1 89.1 75.4 66.5 67.4 63.5 
1981...... 68.7 92.0 83.5 70.6 62.0 62.2 
1983...... 69.7 89.1 81.6 748 66.3 64.7 
1985...... 69.3 90.9 84.7 78.5 60.2 64.6 
1987...... 78.6 94.8 89.2 87.6 79.0 73.4 
1989...... 79.5 96.4 94.5 89.6 78.8 72.7 
Mathematical and computer sciences 
1973...... 73.6 75.6 75.8 79.0 72.5 65.1 
1975...... 69.5 75.2 69.6 69.4 73.2 62.5 
1977...... 63.7 71.9 61.8 64.5 59.6 63.6 
1979...... 61.1 81.6 58.2 58.0 60.5 58.4 
1981...... 58.2 79.1 65.7 52.6 52.8 54.7 
1983...... 59.9 75.3 71.4 53.7 53.6 57.2 
1085...... 56.7 73.4 71.2 53.8 48.7 53.3 
1987...... 70.4 89.6 84.7 71.9 65.5 64.4 
1989...... 72.0 89.0 88.4 81.3 68.1 64.4 
Environmental sciences 
1973...... 82.3 89.6 80.1 84.6 85.6 76.0 
1975...... 80.5 94.7 85.3 79.0 74.4 71.3 
1977...... 80.6 93.4 84.5 76.7 72.9 78.0 
1979...... 78.4 88.8 81.8 75.5 77.6 73.5 
1981...... 75.5 97.8 85.1 69.0 69.1 69.2 
1983...... 76.7 89.3 87.4 85.9 68.6 68.6 
s/o 775 87.0 84.9 85.8 75.3 71.5 
1987...... 89.6 91.1 98.0 82.5 91.7 86.5 
1989...... 89.7 96.4 95.5 91.9 92.0 85.1 
Life sciences 

1973...... 84.5 84.8 87.6 84.5 82.5 82.9 
1975...... 80.0 83.9 81.8 819 79.3 758 
ae 775 79.8 78.6 79.1 76.8 75.2 
1979...... 76.4 84.6 78.5 76.1 74.7 72.3 
1981...... 75.8 89.2 81.2 74.3 73.8 69.1 
1983...... 75.1 86.2 80.8 77.4 73.1 68.9 
1985...... 74.1 87.6 81.1 74.3 72.7 67.8 
i seca 83.1 90.4 86.9 88.0 82.8 78.4 
1989...... 83.3 89.7 89.6 84.0 84.2 78.6 
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Appendix table 5-23. 


Participation of academic doctoral scientists and engineers in R&D, by 


number of years since Ph.D. award and field: 1973-89 


(page 2 of 2) 
1-3 4-7 8-10 11-15 More than 
Total years years years years 15 years 
Social sciences and psychology 

— eee ——_ fanet— nae seen 
1973...... 68.2 749 69.4 66.9 62.1 65.1 
1975...... 63.9 74.4 66.9 62.6 57.3 57.3 
1977...... 53.6 57.3 55.5 55.5 49.6 50.8 
1979...... 52.4 60.9 56.2 55.3 47.9 45.7 
1981...... 53.0 62.8 58.3 52.9 48.6 48.1 
1983...... 51.1 62.5 60.4 56.0 46.0 442 
1985...... 50.9 57.6 55.0 59.1 48.4 458 
67.5 75.3 73.5 70.9 67.3 62.7 
1989...... 68.9 778 779 71.8 69.2 63.9 

Engineering 

1973...... 84.5 86.5 88.2 84.0 86.9 76.5 
1975...... 76.5 82.9 80.7 77.1 74.3 70.5 
1977...... 75.2 82.5 77.2 73.0 75.2 72.4 
1979...... 778 90.5 86.4 67.0 76.6 75.1 
1981...... 63.9 87.1 74.3 68.7 54.7 59.1 
1983. . 69.7 83.0 80.2 66.5 73.1 60.9 
1985...... 68.2 87.5 75.2 71.5 60.0 63.8 
1987...... 84.0 944 88.1 91.3 81.2 80.1 
1989...... 83.5 94.3 95.6 85.2 85.3 77.1 


NOTE: “Active in R&D” is defined as those individuals who report R&D as either their primary or 


secondary activity. 


SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of 
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317. Detailed Statistical Tables 
(Washington, DC: NSF, 1991); and unpublished tabulations. 


See figure 5-11. 
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Appendix table 5-24. 
Science and engineering doctorate-holders active in academic R&D 
reporting U.S. Government support, by field and years since Ph.D. award: 


1973-89 
(page 1 of 2) 
1-3 4-7 8-10 11-15 More than 
Total years years years years 15 years 
Physical sciences 
a 
1973...... 54.7 67.1 50.0 51.3 54.2 52.8 
1975...... 53.1 67.3 50.3 50.3 49.5 52.6 
1977...... 54.4 68.5 56.5 48.4 53.9 50.3 
1979...... 56.7 70.7 53.8 51.7 56.8 54.7 
1981...... 59.0 76.1 61.1 65.0 52.0 54.4 
19063...... 63.9 76.5 74.2 72.0 57.6 59.6 
1985...... ° ° ' ° ’ . 
1987...... 65.6 79.8 68.4 72.9 70.6 60.1 
1989...... 68.9 78.1 72.7 73.9 66.6 65.6 
Mathematical and computer sciences 
1973...... 34.7 25.3 35.0 29.6 45.9 427 
1975...... 24.6 15.1 23.1 31.5 26.0 29.0 
1977...... 25.5 23.7 24.7 27.0 23.9 27.7 
1979...... 28.2 24.9 447 26.7 16.9 29.7 
1981...... 27.5 24.2 35.0 31.0 31.3 19.4 
1983...... 41.1 42.4 46.3 49.7 40.3 35.7 
1985...... ° . . . ; . 
1987...... 38.7 30.9 43.8 49.9 38.1 36.6 
1989...... 415 34.1 51.6 51.8 48.4 35.6 
Environmental sciences 
1973...... 61.8 63.5 68.9 57.1 64.2 54.0 
1975...... 60.8 60.8 66.9 61.8 61.1 53.4 
1977...... 57.6 48.0 63.8 64.5 55.2 55.7 
1979...... 63.9 84.5 64.1 62.9 61.1 54.8 
1981...... 58.0 63.6 71.3 55.8 48.1 54.5 
1983...... 68.3 72.6 70.6 79.9 63.3 63.0 
1985...... . . . * 7 . 
1987...... 68.4 67.2 69.8 80.9 756 62.0 
1989...... 72.3 64.4 78.1 85.1 82.6 65.1 
Life sciences 
1673...... 67.7 67.9 67.3 68.7 67.0 67.6 
1975...... 65.8 67.2 64.9 67.4 65.3 64.6 
1977...... 67.5 69.7 68.1 70.2 67.1 64.5 
1979...... 66.1 68.1 65.4 66.1 66.9 65.1 
1981...... 63.8 73.3 67.4 62.0 62.3 58.2 
1983...... 70.4 72.1 745 745 70.7 65.7 
1985...... . ' ' , . 
1987...... 73.0 72.8 75.6 79.8 76.1 68.3 
1989...... 74.0 79.0 75.9 776 79.2 68.3 
Social sciences and psychology 

1973...... 35.0 30.7 37.3 36.0 35.2 36.2 
1975...... 31.4 25.5 32.7 35.0 31.1 33.6 
ee 32.8 28.5 32.4 32.0 37.6 33.9 
1979...... 33.2 33.5 31.9 34.3 34.7 32.5 
1981...... 30.9 35.7 32.0 27.3 30.0 30.0 
1983...... 34.7 38.9 37.1 31.4 37.0 31.1 
1985...... ? : . : . : 
1987...... 32.6 31.2 37.2 31.6 33.5 30.8 
1989...... 34.7 35.9 37.3 38.2 37.0 31.6 
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Appendix table 5-24. 
Science and engineering doctorate-holders active in academic R&D 
reporting U.S. Government support, by field and years since Ph.D. award: 


1973-89 
(page 2 of 2) 
1-3 4-7 8-10 11-15 More than 
Total years years years years 15 years 
Engineering 
wm aaeneneenenemenminenenenen 

1973...... 60.9 54.2 58.5 59.6 71.0 63.9 
1975...... 59.0 62.3 61.4 54.7 59.8 57.5 
1977...... 60.6 64.1 61.1 59.9 58.4 61.3 
1979...... 60.7 56.5 69.5 61.7 57.2 59.6 
1981...... 59.9 51.2 75.3 63.8 61.6 53.5 
1983...... 64.3 47.4 68.4 78.2 63.8 66.4 
1985...... “ . . ° ’ ° 
1987...... 66.6 53.5 76.4 69.0 71.4 64.8 
1989...... 65.4 54.3 76.6 63.5 76.7 62.0 


* = results for 1985 are discontinuous with other years because of substantial changes in questionnaire 
item content 

SOURCES: Science Resources Studies Division, National Science Foundation, Characteristics of 
Doctoral Scientists and Engineers in the United States: 1989, NSF 91-317. Detailed Statistical Tables 
(Washington, DC: NSF, 1991); and unpublished tabulations. 


See figure 5-12. Science & Engineering Indicators - 1991 


Appendix table 5-25. 
Full-time graduate students in science and engineering supported by research assistantships (RA), by source 
and field: 1972-89 
(page 1 of 4) 
Federal Federal Non-Federal Total Federal Non-Federal 
Total support RA RA support RAsupport RAsupport RAsupport RA support 
Total science and engineering 
|.é|.é pi——rrtemmeeeememeen : ~— Percent 
es 159,520 46,913 34,297 20,666 13.631 21.5 13.0 8.5 
Dt sewkee eee 404-4 161,902 42,745 35,944 20,589 15,355 22.2 12.7 9.5 
1974.............. 191,471 46,848 39,507 22,266 17,241 20.6 11.6 9.0 
MA ¢asateeoe dees 220,489 47,182 40,006 23,045 16,961 18.1 10.5 7.7 
See 224,115 49,116 42,592 24,352 18,240 19.0 10.9 8.1 
re 227 862 50,958 43,743 25,125 18,618 19.2 11.0 8.2 
th steaseut 2s «4 209,572 50,038 NA NA NA NA NA NA 
Dh se takae ee t+% 233,089 52,880 49,118 28,045 21,073 21.1 12.0 9.0 
eee 239,855 53,164 51,716 29,352 22,364 21.6 12.2 9.3 
i scewsee na 0644 243,671 51,085 52,880 29,176 23,704 21.7 12.0 9.7 
ee 246,218 47,593 52,701 28,320 24,381 21.4 11.5 9.9 
ED ¢ eceneaéseas 2° 3,735 47,909 55,069 29,173 25,896 21.7 11.5 10.2 
th o26004640608% 25. 597 47,921 57,863 29,467 28,396 22.6 11.5 11.1 
errr rere 230,467 49,230 61,162 30,442 30,720 23.6 11.7 11.8 
Serer 268,404 51,545 66,224 32,761 33,463 24.7 12.2 12.5 
Mn ¢egennteaaeoa 273,434 53,780 70,384 35,013 35,371 25.7 12.8 12.9 
Mh ¢e1e0tt460844 278,167 55,768 74,727 36,781 37,946 26.9 13.2 13.6 
th ssncendtaeacené 286,619 57,921 79,151 38,314 40,837 27.6 13.4 14.2 
Physical sciences 
1972.............. 22,253 7,617 6,651 5,559 1,092 29.9 25.0 49 
1973. ............. 21,060 6,346 6,305 5,079 1,226 29.9 24.1 5.8 
1974.............. 21,267 6,157 6,395 5,299 1,096 30.1 24.9 5.2 
6.6 6244055646-055 21,916 6,210 6,441 5,487 954 29.4 25.0 44 
MD, #0 04464400044 22,252 6,400 6,789 5,686 1,103 30.5 25.6 5.0 
De cscs eeccense 22,505 6,628 6,810 5,770 1.040 30.3 25.6 46 
BI 2 6 60-6 4:44.24 44:6 21,516 6,943 NA NA NA NA NA NA 
SA bb aeeceeceres 22,535 7,496 7,806 6,512 1,294 34.6 28.9 5.7 
A ¢6eecncesance 22,918 7,707 8,340 6,980 1,360 36.4 30.5 5.9 
i See eee 23,308 7,956 8,607 7,271 1,336 36.9 31.2 5.7 
i Sere 24,040 7,713 8,768 7,095 1,673 36.5 29.5 7.0 
A w@eeieseredkeea 25,205 8,126 9,145 7,471 1,674 36.3 29.6 6.6 
Cth taecreeckcess 25,852 8,640 9,628 7,807 1,821 37.2 30.2 7.0 
eee 26,669 8,821 10,284 8,065 2,219 38.6 30.2 8.3 
- ee 27,764 9,523 10,994 8,665 2,329 39.6 31.2 8.4 
Cs 6 6 46.4-04.6 0.0-08 1 28,414 9,717 11,558 8,873 2,685 40.7 31.2 9.4 
MD cccnccccccese 28,574 9,857 12,056 8,968 3,088 42.2 31.4 10.8 
th cseeeucceeasé 29,164 10,276 12,413 9,160 3,253 42.6 31.4 11.2 
Mathematical and computer sciences 
1972.............. 13,273 2,072 1,344 847 497 10.1 6.4 3.7 
1973. ............. 13,277 1,957 1,321 824 497 9.9 6.2 3.7 
Mh coccecaces sac 13,755 1,581 1,414 828 586 10.3 6.0 43 
Me cic enesecnco-s 15,168 1,436 1,375 752 623 9.1 5.0 4.1 
GD ceeseeeeenease 15,700 1,481 1,528 795 733 9.7 5.1 47 
Me ecspeeceeseas 14,969 1,490 1,508 877 631 10.1 5.9 4.2 
SN 6 @a0 wee den see 13,733 1,471 NA NA NA NA NA NA 
1979. ..........4.. 15,521 1,654 1,642 1,005 637 10.6 6.5 4.1 
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Appendix table 5-25. 
Full-time graduate students in science and engineering supported by research assistantships (RA), by source 
and field: 1972-89 
(page 2 of 4) 
Federal Federal Non-Federal Total Federal Non-Federal 
Total support RA RA support RAsupport RAsupport RAsupport RA support 
Mathematical and computer sciences 
ee i seen ——— " ~Percent-——- 
OOD... . 2... 220... 16,489 1,821 1,820 1,099 721 11.0 6.7 44 
1981.............. 17,599 1,804 1,858 1,055 803 10.6 6.0 46 
ae 19,994 1,893 2,036 1,140 896 10.2 5.7 45 
1983.............. 21,651 1,890 2,206 1,193 1,013 10.2 5.5 47 
i anctéeguaedads 22,906 2,031 2,507 1,382 1,125 10.9 6.0 49 
1985.............. 25,934 2,573 3,074 1,551 1,523 11.9 6.0 5.9 
A 6 44.6 4.44.46 444 27,708 2,891 3,392 1,686 1,706 12.2 6.1 6.2 
CN ds 4946 4:4 3048.4 28,640 3,175 3,948 2,142 1,806 13.8 75 6.3 
1988.............. 29,150 3,416 4,281 2,312 1,969 14.7 79 6.8 
1989.............. 29,818 3,614 4,506 2,330 2,176 15.1 7.8 7.3 
Mathematical sciences 
1972.............. 10,372 1,393 706 442 264 6.8 4.3 2.5 
1973.............. 10,339 1,222 668 373 295 6.5 3.6 2.9 
1974.............. 10,009 860 667 351 316 6.7 3.5 3.2 
1975.............. 10,695 693 629 300 329 5.9 2.8 3.1 
Se ¢ x0 6 os 4-4 5-6 o<* 10,952 784 797 409 388 7.3 3.7 3.5 
Serre 10,365 786 784 403 381 7.6 3.9 3.7 
0 ee ee 9,307 772 NA NA NA NA NA NA 
re 9,668 864 825 424 401 8.5 44 41 
, ee ee 9,902 868 784 421 363 79 43 3.7 
ee 10,154 796 760 340 420 75 3.3 4.1 
ee 10,823 818 845 377 468 78 3.5 43 
eee 10,964 760 803 350 453 7.3 3.2 41 
ee er 11,319 762 872 411 461 7a 3.6 41 
Pee 11,833 935 998 478 520 8.4 4.0 44 
eee 12,398 999 1,038 538 500 8.4 43 4.0 
0 Serer 13,068 1,091 1,111 635 476 8.5 49 3.6 
ee 13,554 1,190 1,227 666 561 9.1 49 41 
Mh 5 64.55044 004.04 13,792 1,267 1,304 662 642 9.5 48 47 
Computer sciences 
1972.............. 2,901 679 638 405 233 22.0 14.0 8.0 
1973.............. 2,938 735 653 451 202 22.2 15.4 6.9 
Ws cee basecaveces 3,746 721 747 477 270 19.9 12.7 7.2 
Mh oh ceeweveasen 4,473 743 746 452 294 16.7 10.1 6.6 
eer ee ee 4,748 697 731 386 345 15.4 8.1 7.3 
2 ¢bseseeasede 4,604 704 724 474 250 15.7 10.3 5.4 
1978.............. 4,426 699 NA NA NA NA NA NA 
MN ececdeuoaeoes 5,853 790 817 581 236 14.0 9.9 40 
ee eer 6,587 953 1,036 678 358 15.7 10.3 5.4 
i Serer. 7,445 1,008 1,098 715 383 14.7 9.6 5.1 
1982.............. 9,171 1,075 1,191 763 428 13.0 8.3 47 
BD 64 646.666640.4 10,687 1,130 1,403 843 560 13.1 7.9 5.2 
1984.............. 11,587 1,269 1,635 971 664 14.1 8.4 5.7 
1985.............. 14,101 1,638 2,076 1,073 1,003 14.7 7.6 7.1 
1986.............. 15,310 1,892 2,354 1,148 1,206 15.4 7.5 79 
Pree reese 15,572 2,084 2,837 1,507 1,330 18.2 9.7 8.5 
1988.............. 15,596 2,226 3,054 1,646 1,408 19.6 10.6 9.0 
1989.............., 16,026 2,347 3,202 1,668 1,534 20.0 10.4 96 
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Appendix table 5-25. 
Full-time graduate students in science and engineering supported by research assistantships (RA), by source 
and field: 1972-89 
(page 3 of 4) 
Federal Federal Non-Federal Total Federal Non-Federal 
Total support RA RA support RAsupport RAsupport RA support RA support 
Environmental sciences 
a, | emma Percent 
1972.............. 7,210 2,619 2,398 1,666 732 33.3 23.1 10.2 
1973.............. 7,767 2,480 2,551 1,780 771 32.8 22.9 9.9 
1974.............. 8,335 2,561 2,665 1,941 724 32.0 23.3 8.7 
eee 9.677 2,693 2,838 2,089 749 29.3 216 7.7 
ae 10,219 2.964 3,196 2,287 909 31.3 22.4 8.9 
1977.............. 10,556 3,117 3,234 2,318 916 30.6 22.0 8.7 
1978.............. 10,012 3,169 NA NA NA NA NA NA 
1979.............. 10,724 3,523 3,587 2,706 881 33.4 25.2 8.2 
1980.............. 10,969 3,442 3,770 2,702 1,068 34.4 24.6 9.7 
Cs a466es 64466-44 11,038 3,010 3,469 2,402 1,067 31.4 21.8 9.7 
1982.............. 11,436 2,854 3,339 2,323 1,016 29.2 20.3 8.9 
ere 12,049 2,874 3,545 2,348 1,197 29.4 19.5 9.9 
1984.............. 11,819 2,848 3,574 2,324 1,250 30.2 19.7 10.6 
1985.............. 11,439 2,960 3,723 2,410 1,313 32.5 21.1 11.5 
1986.............. 11,323 3,033 3,834 2,372 1,462 33.9 20.9 12.9 
eee 10,543 2,868 3,660 2,251 1,409 34.7 21.4 13.4 
ee 10,296 2,799 3,891 2,317 1,574 37.8 22.5 15.3 
ih &eneeeeeeee ca 10,088 2,842 4.124 2,394 1,730 40.9 23.7 17.1 
Life sciences 
i eres 36,751 12,868 8,742 4,023 4,719 23.8 10.9 12.8 
ere 40,830 12,563 9,461 4,292 5,169 23.2 10.5 12.7 
ae 55,048 16,802 10,851 5,025 5 826 19.7 9.1 10.6 
errr re. 63,513 17,594 11,322 5,373 5,949 17.8 8.5 94 
1976.............. 66,235 18,237 12,593 6,045 6,548 19.0 9.1 99 
Ss cagabketeesas 68,828 19,465 13,077 6,172 6,905 19.0 9.0 10.0 
re 65,257 19,634 NA NA NA NA NA NA 
1979.............. 71,150 21,240 15,421 7,230 8,191 21.7 10.2 11.5 
1980.............. 72,409 21,317 15,910 7,634 8,276 22.0 10.5 11.4 
1981.............. 72,241 20,476 16,362 7,606 8,756 22.6 10.5 12.1 
1982.............. 70,254 18,389 16,251 7,287 8,964 23.1 10.4 12.8 
1963............4.. 70,062 17,678 16,514 7,272 9,242 23.6 10.4 13.2 
Gs Cevecceceeene 70,597 17,787 17,602 7,400 10,202 24.9 10.5 14.5 
Fee ee 70,311 18,604 17,932 7,996 9,936 25.5 11.4 14.1 
i See 71,285 19,014 19,257 8,571 10,686 27.0 12.0 15.0 
1987.............. 72,463 20,213 20,301 9,377 10,924 28.0 12.9 15.1 
Mine 6 ccaenetuseces 74,168 20,807 21,654 10,069 11,585 29.2 13.6 15.6 
1989.............. 77,001 21,931 23,264 10,872 12,392 30.2 14.1 16.1 
Psychology 
is 4.6.68 44654.08 45 15,308 4,708 1,777 1,006 771 11.6 6.6 5.0 
See 15,191 4,166 1,930 913 1,017 12.7 6.0 6.7 
1974............0.2. 19,044 4,425 2,291 1,042 1,249 12.0 55 6.6 
Ss 6 06644660644.4 24,109 4,330 2,213 1,006 1,207 92 42 5.0 
eee ee 25,649 4,311 2,261 977 1,284 88 3.8 5.0 
OE 6-6.446664446842 25,710 4,261 2,312 1,039 1,273 9.0 4.0 5.0 
eer ee 20,740 3,937 NA NA NA NA NA NA 
1979.............. 25,865 3,603 2,528 1,170 1,358 9.8 45 5.38 
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Appendix table 5-25. 
Full-time students in science and engineering supported by research assistantships (RA), by source 
and field: 1972-89 
(page 4 of 4) 
Federal Federal Non-Federal Total Federal Non-Federal 
Total support RA RA support RAsupport RAsupport RAsupport RA support 
Psychology 
—_-—_—_haher—_______—- _ - Percent 
1980.............. 26,692 3,390 2,571 942 1,629 9.6 3.5 6.1 
ae 26,725 3,055 2,890 1,036 1,854 10.8 3.9 6.9 
eer 25,818 2,414 2,723 927 1,796 10.5 3.6 7.0 
re 26,701 2,141 2,962 944 2,018 11.1 3.5 7.6 
ee 26,108 2,062 3,027 962 2,065 11.6 3.7 7.9 
1985.............. 25,769 2,057 3,082 1,017 2,065 12.0 3.9 8.0 
1986.............. 26,521 2,035 3,119 1,021 2,098 11.8 3.8 79 
Pres 27,426 2,052 3,231 1,078 2,153 11.8 3.9 7.9 
1988.............. 28,412 2,167 3,743 1,210 2,533 13.2 43 8.9 
1989.............. 30,221 2,208 3,900 1,271 2,629 12.9 4.2 8.7 
Social sciences 
rrr 32,534 5,553 3,654 1,149 2,505 11.2 3.5 7.7 
ee 32,551 4,765 3,996 1,147 2,849 12.3 3.5 8.8 
errr 40,285 5,133 4,788 1,350 3,438 11.9 3.4 8.5 
ee 48,293 4,656 4,830 1,403 3,427 10.0 2.9 7.1 
errr 47,096 5,148 4,897 1,349 3,548 10.4 2.9 75 
1977. ............. 47,729 5,360 4,925 1,399 3,526 10.3 2.9 7.4 
BK #6 cceeneestes 41,257 4,433 NA NA NA NA NA NA 
1979.............. 46,901 4,553 5,223 1,408 3,815 11.1 3.0 8.1 
1980.............. 47,271 4,296 5,298 1,447 3,851 11.2 3.1 8.1 
1981.............. 46,503 3,810 5,212 1,271 3,941 11.2 2.7 8.5 
1982.............. 44.437 3,235 4,883 971 3,912 11.0 2.2 8.8 
1983.............. 43,740 3,215 5,059 935 4,124 11.6 2.1 9.4 
1984.............. 42,776 2,963 5,180 916 4,264 12.1 2.1 10.0 
1985.............. 43,052 2,948 5,102 976 4,126 11.9 23 9.6 
1986.............. 43,077 2,670 5,138 888 4,250 11.9 2.1 9.9 
1987.............. 43,719 2,624 5,517 921 4,596 12.6 2.1 10.5 
1988.............. 44,089 2,691 5,634 925 4,709 12.8 2.1 10.7 
1989.............. 45,747 2,797 6,308 1,005 5,303 13.8 2.2 11.6 
Engineering 
Gc ehaserecnaes 32,191 11,476 9,731 6,416 3,315 30.2 19.9 10.3 
PPT rr 31,226 10,468 10,380 6,554 3,826 33.2 21.0 12.3 
ee 33,737 10,189 11,103 6,781 4,322 32.9 20.1 12.8 
errs 37,813 10,263 10,987 6,935 4,052 29.1 18.3 10.7 
WE gsecesacecwae 36,964 10,575 11,328 7,213 4,115 30.6 19.5 11.1 
Ara 37,565 10,637 11,877 7,550 4,327 31.6 20.1 11.5 
errr 37,057 10,451 NA NA NA NA NA NA 
1979.............. 40,393 10,811 12,911 8,014 4,897 32.0 19.8 12.1 
1980.............. 43,107 11,191 14,007 8,548 5,459 32.5 19.8 12.7 
1981...........0.. 46,257 10,974 14,482 8,535 5,947 31.3 18.5 12.9 
Wh ceceseeenesas 50,239 11,095 14,701 8,577 6,124 29.3 17.1 12.2 
1983.............. 54,327 11,985 15,638 9,010 6,628 28.8 16.6 12.2 
1984.............., 55,539 11,590 16,345 8,676 7,669 29.4 15.6 13.8 
eee 56,293 11,267 17,965 8,427 9,538 31.9 15.0 16.9 
SD c0neseaetaees 60,726 12,379 20,490 9,558 10,932 33.7 15.7 18.0 
Ss 04-00 40-8 4.08 65 62,229 13,131 22,169 10,371 11,798 35.6 16.7 19.0 
 Srrrrrcrrs 63,478 14,031 23,468 10,980 12,488 37.0 17.3 19.7 
1989.............. 64,580 14,253 24,636 11,282 13,354 38.1 17.5 20.7 


NA = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, Academic Science and Engineering: Graduate Enroliment and Support, Fall 
1989, Detailed Statistical Tables, NSF 90-324 Final (Washington, DC: NSF, 1991). 
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U.S. and world scientific and technical articles, by field: 1973-87 


Field 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1484 1985 1986 1987 
U.S. articles as percentage of all articles 
Ss xonecauneee db eenceaduw as 38.2 37.7 37.3 37.4 37.1 36.7 37.1 36.5 35.9 35.9 35.4 35.4 35.3 35.6 35.6 
Clinical medicine ............... 42.8 42.5 42.6 43.0 43.2 43.1 43.1 43.0 413 41.1 40.3 40.9 40.3 40.0 39.9 
Biomedical research............. 39.2 38.4 38.6 38.8 39.1 38.7 40.5 39.7 39.5 39.7 39.3 39.5 37.8 38.4 38.2 
PMc ¢mececesssesedeeves 46.4 45.7 447 442 41.7 41.7 42.7 42.0 37.6 38.4 37.6 37.2 37.5 38.1 37.3 
Chemistry .................... 23.3 22.2 21.7 21.8 21.7 21.1 21.2 20.8 20.0 21.2 20.3 20.6 21.0 22.2 22.2 
a 32.7 33.5 32.4 31.2 30.5 30.8 30.0 30.1 28.6 28.1 278 27.3 29.4 30.3 30.1 
Earth and space sciences......... 46.7 46.8 43.8 46.1 45.1 449 446 424 42.7 424 416 413 43.0 426 42.6 
Engineering and technology ....... 418 417 40.6 41.1 40.2 39.4 40.7 39.4 40.7 40.6 40.9 39.5 38.6 37.3 37.9 
Mathematics .................. 47.9 46.0 44.0 42.9 41.1 40.4 40.5 39.7 38.2 39.0 38.5 37.2 38.3 40.3 40.7 
Number of U.S. articles 
CN io 006066445 6d 40844 e568 103,778 100,066 97,278 99.970 97,854 99207 99.377 98394 132.278 133.622 132,413 131,111 137,771 137,770 134,497 
Clinical medicine ............... 32,638 31,691 31,334 32,920 33,516 34,966 33.975 34,612 48,072 48530 48,055 48.735 50595 50637 49,904 
Biomedical research............. 16,115 15,607 15,901 16.271 16,197 16611 17,649 17,582 21847 22732 22496 22196 24461 24765 24542 
IL wai 4-4 0:64:06 045 06640408 11,150 10,700 10400 10573 9,904 9663 10553 9594 14740 14974 14216 14166 13,083 13,000 12,231 
ED £40046 6 0006556000804 10,474 9,867 9,222 9337 8,852 9,266 9.182 9250 10880 11,758 11,010 11,137 11,585 12313 11,827 
0 re 11,721 11,945 11,363 11,502 10995 11.015 10995 11415 13,053 13,255 13,021 12691 15,903 16360 16,078 
Earth and space sciences......... 5,591 5,371 4.975 5537 5,197 5,043 5.167 4832 7257 7,057 6862 £426,748 7,663 7,811 7,797 
Engineering and technology ....... 11,955 11,088 10431 10346 10,081 9,694 9018 8461 12486 11619 13,105 11976 10822 9775 9,225 
Pt cenesccecsecesese 4,134 3,797 3,652 3484 3,112 2,949 2,838 2648 3943 3,697 3,648 3,462 3,659 3,109 2893 
Total number of articles 

Total... 2... eee eee. 271,512 265,130 260,908 267,354 263,700 270,126 267,954 269.557 368.934 371,760 373,549 369.930 389,846 387.028 378.313 
Clinical medicine ............... 76,209 74,509 73,485 76599 77,597 81.207 78827 80,533 116.371 118.186 119.325 119,094 125532 126.463 124.975 
Biomedical research............. 41,155 40632 41,244 41,891 41388 42968 43.631 44267 55303 57203 57.289 56223 64717 64550 64216 
PENS COCK OCECeeeeceseceees 24,047 23,414 23,260 23,905 23,757 23,176 24,734 22838 39.232 39.025 37.788 38.093 34896 34127 32775 
Chemistry .................... 45,004 44529 42502 42,773 40,734 43.850 43.273 44448 54432 55381 54186 54117 55268 55558 53.236 
PN 65466646 0566666606008 35,864 35,708 35,104 36,902 36.057 35.815 36,700 37,944 45561 47229 46902 46450 54044 54056 53,377 
Earth and space sciences 11,977 11,479 11,356 12,011 11531 11,224 11,596 11,395 16991 16660 16508 16334 17.834 18351 18.285 
Engineering and technology ....... 28,617 26,600 25.664 25.146 25.063 24588 22.182 21,459 30,710 28602 32.073 30310 28004 26201 24344 
Mathematics .................. 8.639 8,259 8,293 8.127 17,573 7,298 7,011 6.673 10334 9474 9.478 9 309 9.551 7.722 7.105 


NOTES: Articles written by researchers from more than one country are prorated according to the number of author institutions in each country. For example. a paper authored by two US scientists and one French screntist 


would be counted as two-thirds of a U.S. article and one-third of a French article. Data are based on more than 3,200 US. and foreign journals on the 1981 Science Citation Index Corporate Tapes 
SOURCE: CHI Research, Inc., Science & Engineering Indicators Literature Data Base, 1989, special tabulations 
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Appendix table 5-27. 
Contribution of selected countries to worid literature, by field: 1981 and 1987 
Total 
European 
Total United Community United West 
Field articles States countries Kingdom Germany France USSR _ Japan Canada 
1981 
Total........2.2.2020020000000... 368 934 35.9 26.3 8.3 7.3 5.0 8.0 6.8 3.9 
Clinical medicine ............... 116,371 41.3 28.9 98 7.0 5.2 3.3 5.1 3.4 
Biomedical research............. 55,303 39.5 26.9 85 7.1 52 5.7 6.2 41 
re 39,232 37.6 22.4 90 6.0 3.5 28 6.1 6.3 
Chemistry .................... 54,432 20.0 26.2 6.6 8.4 59 16.7 10.9 3.1 
Ferree rere 45,561 28.6 25.8 6.4 7.7 5.9 16.8 8.2 29 
Earth and space sciences......... 16,991 42.7 22.8 8.5 49 46 10.0 2.3 5.2 
Engineering and technology ....... 30,710 40.7 22.9 85 76 3.3 76 92 42 
Mathematics .................. 10,334 38.2 26.2 6.1 11.0 56 76 43 5.1 
1987 
Total... 0... 0. eee en 378,313 35.6 26.5 8.0 68 48 7.3 76 4.4 
Clinical medicine ............... 124,975 39.9 28.9 10.0 6.2 45 28 6.7 41 
Biomedical research............. 64,216 38.2 25.5 7.6 6.4 5.0 8.0 7.1 43 
eee 32,775 37.3 22.4 88 56 3.2 23 6.9 86 
Chemistry .................... 53,236 22.2 275 6.0 8.8 5.9 13.9 10.8 3.2 
Physics ..............00.0...... 53,377 30.1 26.2 56 8.1 6.0 14.3 85 28 
Earth and space sciences......... 18,285 426 22.6 7.3 46 48 7.1 35 6.8 
Engineering and technology ....... 24,344 37.9 22.5 7.5 76 3.4 56 10.1 51 
Mathematics .................. 7,105 40.7 28.6 8.6 6.7 5.0 48 3.6 45 


NOTES: Antcles written by researchers from more than one country are prorated according to the number of author institutions in each country. For 
example, a paper authored by two U.S. scientists and one French scientist would be counted as two-thirds of a US. article and one-third of a French 
article. Data are based on more than 3.200 U.S. and foreign journals on the 1981 Science Citation index Corporate Tapes 


SOURCE: CHI Research, inc.. Science & Engineering indicators Literature Data Base, 1989. special tabulations 
See figure O-18 in Overview Science & Engineering indicators - 1991 


Appendix table 5-28. 
Patents awarded to U.S. universities, by technology class: 1969-90 
(page 1 of 7) 
Technology class 1969-75 1976-80 1981-85 1986-90 
We wo cer cesceveccecccccceceves 1,694 1.739 2462 4,664 
1 Unclassified....................... 5 1 1 30 
DD Mins. s 05456 0659054060000 6.0< 0 1 4 
4 Baths, closets, sinks, spitloons ......... 0 1 0 0 
DP Git ent ntnasemiensenessevecdes 1 1 0 2 
8 Bleaching & dying; fluid treatment & 
chemical modification of textiles & fibers 1 3 3 2 
15 Brushing, scrubbing & general cleaning 5 1 1 0 
fF ee 0 0 0 0 
19 Textiles, fiber preparation............. 0 1 0 0 
23 Chemistry, physical processes ......... 1 0 2 0 
24 Buckles, buttons, clasps.............. 0 0 0 2 
27 Undertaking....................... 0 0 0 1 
29 Metal working..................... 7 1 1 10 
33 Geometrical instruments.............. 0 2 2 2 
34 Drying & gas or vapor contact with solids . . 2 4 3 1 
Sy CE» «6'snn ceneneerscucecess 1 1 1 0 
40 Card, picture & sign exhibiting.......... 0 1 0 1 
43 Fishing, trapping & vermin destroying 1 1 1 2 
44 Fuel & related compositions ........... 0 2 17 12 
47 Plant husbandry.................... 5 10 14 g 
48 Gas, heating & illuminating............ 3 5 4 1 
Se GE po kcveeceeseeedndeeeeese 4 4 0 3 
52 Static structures, buildings ............ 4 2 8 5 
53 Package making................... 2 1 0 0 
SP Cake asos e656 eevee s ees eeec a 0 0 0 1 
55 Gas separation.................... 13 8 13 20 
56 Harvesters ...............00000505. 34 9 7 4 
60 Powerplants...................... 6 6 8 7 
62 Refrigeration...................... 7 10 15 19 
65 Glass manufacturing ................ 6 2 1 12 
Be Cee ecbereeheceececeescseeeeen 0 0 1 1 
71 Chemistry, fertilizers................. 5 8 8 26 
72 Metal deforming.................... 6 1 1 0 
73 Measuring andtesting............... 69 59 71 105 
74 Machine elements & mechanisms....... 6 7 5 8 
75 Metallurgy.................0.2004.. 8 a 10 14 
76 Metal tools & implements - making ...... 0 0 1 0 
B81 Tools 2... eee ee 0 0 0 2 
By Ws coswecnensceendcccecegeee 0 1 0 0 
83 Cutting... 0... eee eee 4 0 1 1 
OO MIS... ccc ccc ccc recs ccccccees 3 4 3 3 
87 Textiles, braiding, netting, lace making. .. . 0 0 0 1 
BD GUIIIIED occ ccccccccccccccscccces 0 0 0 7 
91 Mctors, expansible chamber type ....... 1 0 0 1 
92 Expansible chamber devices........... 0 0 2 2 { 
98 Ventilation.................... 2 0 0 0 
99 Foods & beverages- apparatus ........ 1 2 3 1 
100 Presses .... 6. eee 2 1 1 1 
101 Printing...........00000005.5. ere 2 0 0 0 
102 Ammunition & explosives............. 0 1 0 1 
104 Railways........... 000.0000 0 0005. 10 1 2 6 
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Technology class 1969-75 1976-80 1981-85 1986-90 
106 Compositions, coating or plastic ........ 6 6 6 6 
108 Horizontally supported planar surfaces 1 1 4 0 
110 Furmaces......................... 1 0 10 3 
111 Planting ...........0..22000000... 4 0 7 8 
112 Gowing................2.2222200- 0 0 0 1 
114 Ships ..........0.0 000. 1 1 1 0 
116 Signals & indicators................. 1 0 0 1 
118 Coating apparatus.................. 5 3 4 5 
119 Animalhusbandry .................. 5 6 7 19 
122 Liquid heaters & vaporizers............ 1 0 1 4 
123 Internal combustion engines........... 5 9 5 15 
124 Mechanical guns & projectors.......... 0 1 0 0 
125 Stone working..................... 0 0 0 1 
126 Stoves &furnaces.................. 2 16 13 3 
127 Sugar, starch & carbohydrates ......... 0 3 11 1 
i SL 6.560986 60606.0800006 600888 68 67 110 224 
131 Tobacco...................0054.. 4 2 0 4 
132 Toilet ............020002.0000255.. 1 0 0 0 
134 Cleaning & liquid contact with solids ..... 0 4 7 4 
135 Tents canopies umbrellas & canes ...... 1 0 0 1 
136 Batteries, thermoelectric & photoelectric 2 15 28 4 
137 Fluidhandling..................... 13 7 3 5 
138 Pipes & tubular conduits.............. 0 0 1 1 
139 Textiles, weaving................... 0 0 1 0 
141 Fluent materials handling with 

receiver or receiver Coating means 1 4 1 1 
144 Weodworking ............02000.... 2 0 
148 Metaltreatment.................... 2 1 11 15 
149 Explosives & thermic compositions 

DED occcccececececccecsces 1 0 0 0 
156 Adhesive bonding & misc. chemical 

manufacture ..... 2.2.22 eee, 5 6 19 48 
159 Concentrating evaporators............ 0 0 1 1 
160 Closures, partitions & panels 

flexible & portable................. 0 0 1 0 
162 Paper making & fiber liberation 0 1 3 4 
164 Metalfounding...............0..0.... 3 3 5 4 
165 Heatexchange.................... 2 3 5 12 
166 Wells ........... 2 3 9 5 
169 Fire extinguishers .................. 0 0 1 0 
171 Unearthing plants or buried objects... .. . 5 3 0 1 
172 Earth working ................. ee 0 7 1 0 
173 Tool driving & impacting.............. 1 0 1 2 
174 Electricity conductors & insulators. ...... 2 3 0 3 
175 Boring & penetratingearth............ 1 3 5 1 
177 Weighingscales ................... 1 0 0 2 
178 Telegraphy ...... 2.0... 62 en, 5 1 1 1 
180 Motor vehicles. . 0 1 1 3 
181 Acoustics ...... 0 1 5 1 
185 Motors, springs, weight & 

animal powered....... 1 0 0 0 
GP GED cc ccvecedceccceseecoce 3 2 1 0 
194 Check actuated control mechanisms 1 0 0 1 
198 Conveyors powerdriven.............. 6 1 7 0 
200 Electricity, circuit makers & breakers. __. 1 0 0 5 
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Technology class 1969-75 1976-80 1981-85 1986-90 
201 Distillation processes thermolytic........ 0 2 0 0 
202 Distillation apparatus ................ 1 0 0 1 
203 Distillation processes separatory........ 0 2 3 5 
204 Chemistry: electrical and wave energy 41 36 65 92 
206 Receptacie or package, special......... 1 0 0 8 
208 Mineral oils, processes & products ...... 2 3 9 5 
209 Classifying, separating & assorting solids 19 9 12 19 
210 Liquid purification or separation......... 27 32 34 59 
211 Supports, racks...... 2... 2.2.20 2, 1 0 2 0 
215 Bottles&jars........ 2.2.2... 2 0 0 0 
219 Electric heating.................... 6 8 a 15 
220 Receptacles ......... 2.2... 2.220 0.. 1 0 1 2 
221 Dispensing, article.................. 1 1 1 1 
222 Dispensing ......... 2.2... eee eee. 2 4 3 2 
225 Severing by tearing, breaking.......... 1 0 0 0 
226 Advancing material of indeterminate 

length ee eee eee eee. 0 0 0 
228 Metal fusion bonding ................ 1 1 0 4 
235 Registers .................0.0000. , 0 1 | 
236 Automatic temperature & humidity 

«ca 6660400 Cnneeeceexes 0 0 0 1 
238 Railways surface track............... 0 0 2 0 
239 Fluid sprinkling, spraying, diffusing ...... 3 1 4 7 
241 Solid material comminution, 

disintegration.................... 7 1 2 5 
242 Winding & reeling................... 2 1 0 3 
244 Aeronautics................. 8 3 2 4 
248 Supports..... 2.2.2 2 eee 2 0 0 3 
249 Molds, static ................. 1 0 0 0 
250 Radiantenergy ..... 38 54 46 117 
251 Valves, valve actuation........ 2 1 0 5 
252 Compositions ........ 10 15 20 26 
254 Apparatus, implements for applying 

pushing, pulling force... . . 1 1 0 0 
256 Fences..... poupeneeseeseeeeeen 0 0 1 
260 Chemistry, carbon compounds 6 5 7 
261 Gas, liquid contact apparatus 1 0 2 0 
264 Plastic & nonmetallic article shaping 

and treating processes 9 18 19 31 
266 Metallurgical apparatus . 0 0 0 1 
267 Device, spring........ 1 1 0 0 
269 Workholders............. 0 1 1 1 
272 Devices, amusement & exercising 1 0 3 12 
273 Devices, amusement-games 1 5 0 3 
277 Joint packing....... 3 0 0 0 5 
279 Chucks, sockets ...... 0 0 1 0 
290 Vehicles, land........ 2 0 15 4 
283 Printedmatter....-_... 1 0 0 0 
285 Pipe joints, couplings .. . 1 0 0 0 
289 Knots, knottying..... 1 0 0 0 
290 Dynamo plants, prime mover 1 2 2 0 
292 Fasteners, closure 0 0 1 0 
293 Vehicle fenders. ima 1 0 0 0 
294 implements, handling-hand & hoist line 0 1 1 5 
296 Vehicles, land-bodies & tops 0 2 1 0 
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Technology class 1969-75 1976-80 1981-85 1986-90 
297 Chairs.seats...................... 1 0 0 1 
299 Mining, in situ disintegration 

of hard material.................. 2 1 1 2 
307 Electrica! transmission or 

interconnection systems ............ 30 13 8 13 
310 Electrical generator or motor structure . . . . 28 3 10 18 
312 Supports, cabinet structures........... 2 1 1 0 
313 Electric lamp & discharge devices....... 4 6 1 3 
315 Electric lamp & discharge 

devices, systems ................. 11 7 7 9 
318 Electricity, motive power systems ....... g 5 5 4 
320 Electricity, battery & condenser 

charging & discharging............. 1 0 1 1 
322 Electricity, single generator systems ..... 0 1 2 2 


323 Electricity, power supply or regulation systems 3 
324 Electricity: measuring anditesting ...... 30 16 37 129 
328 Electricity, misc. electron space 


discharge device systems........... 3 2 4 5 
329 Electr - demodulators & detectors....... 3 0 0 0 
330 Amplifiers ........................ 13 6 5 13 
331 Electr-amplifiers................ - 8 4 2 € 
332 Electr- oscillators .................. 3 0 1 1 
333 Wave transmission lines & networks ..... 12 14 4 10 
335 Electr-modulators.................. 3 1 0 5 
336 Electr - wave transmission lines 

& networks ..................... 2 0 0 0 
338 Electr-.wuners..................... 6 2 1 5 
340 Communications, electrical............ 18 8 7 18 
341 Electr - magnetically operated switches 

magnets & electromagnets ..... nee 5 2 1 13 
342 Electr - inductor devices.......... - 12 7 3 8 
343 Communications, radio wave antennas .. . 18 5 5 3 
346 Electr - switches electrothermically or 

thermically actuated.............. 3 1 0 1 
350 Optics. systems andelements.......... 20 24 42 119 
351 Electr-resistors.................... 4 2 2 17 
352 Electr-communications.............. 1 0 0 2 
353 Optics, image projectors.............. 1 0 0 0 
354 Photography................0.2... 1 1 3 0 
355 Photocopying ..................... 1 0 0 0 
356 Optics, measuring andtesting......... 19 24 31 86 
357 Active solid state devices eg transistors, 

solid state diodes................. 10 17 19 60 
358 Pictorial communication; television .... . 14 14 12 39 
360 Info tech - dynamic magnetic info 

storage & retrieval.......... - 10 5 1 3 
361 Electr - electrical systems & devices 8 4 1 7 
362 Electr -illumination............. 3 0 0 2 
363 Electr - power conversion systems 3 8 7 12 
364 Electrical computers and data 

processing systems ............. 32 26 36 137 
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Patents awarded to U.S. universities, by technology class: 1969-90 
(page 5 of 7) 
Technology class 1969-75 1976-80 1981-85 1986-90 
365 Static information storage & retrieval... . . 24 7 7 23 
366 Agitating......................... 1 4 2 2 
367 Electr - communications-acoustic wave 

sysiems & devices................ 11 6 0 9 
368 Measuring: horology-time meas 

sys & devices.................... 4 1 0 1 
369 Info tech - dynamic info storage 

& retrieval ...............0...... 0 0 1 2 
370 Electr - communications multiplex... ... . 3 2 2 13 
371 Electr - error detection/correct and 

fault detect/recovery............... 2 1 4 7 
372 Coherent light generators............. 15) 14 27 74 
373 Heating - industrial electric furnaces ..... 2 0 0 1 
374 Measuring - thermal meas & testing... ... 1 6 9 14 
375 Electr - communications, pulse or digital . . 5 2 2 9 
376 Nuclear - induced reactions systems 

re ee 1 4 tj 6 
377 Electr - pulse counters, dividers; 

shift registers-circuits & systems ...... 4 b 1 3 
378 X-ray or gamma-ray systems or 

PD. 026.5006 046s606006646.00% 17 25 17 33 
379 Nuclear - x-ray gamma ray sys, devices. . . 1 0 1 8 
380 Cryptography...................... 0 3 6 2 
381 Electrical audio signal processing and 

systems and devices .............. 6 7 12 18 
382 image analysis .................... 1 1 5 14 

© MDs 6-6. 0:0026046 666 06660686008 3 0 0 3 

40U Typewritingmachines................ 0 0 1 1 
403 Joints & connections ................ 0 2 0 1 
404 Road structure process, apparatus ...... 0 0 0 2 
405 Earth, hydraulic engineering........... 6 2 6 6 
406 Conveyors, fluidcurrent.............. 3 5 3 1 
407 Cutters forshaping.................. 0 0 0 2 
409 Gear cutting, milling, planing........... 1 1 1 0 
414 Handling, materiai/article ............. 5 5 4 10 
415 Motors, pumps-rotary kinetic fluid ....... 0 2 1 0 
416 Fluid reaction surfaces-impeliers........ 0 1 1 0 
— fe ee ee 2 10 4 7 
418 Expansible chamber devices-rotary...... 5 0 0 0 
419 Powder metallurgy-processes.......... 0 2 
420 Compositions-alloys or metallic 

compositions .................... 6 1 5 5 

22 Process disinfecting, deodorizing, preserving 

or sterilizing & Chemical apparatus... . . 9 12 14 39 
423 Chemistry, inorganic ................ 37 30 26 31 
424 Drug, bio-affecting and body treating 

compositions.................... 52 69 137 261 
425 Plastic or earthenware article shaping, 

treating apparatus ............... 1 1 4 4 
426 Food or edible material: processes. 

compositions and products......... 31 31 38 35 
427 Coatingprocesses........... | 8 10 15 62 
428 Stock material or miscellaneous article 13 14 31 48 
429 Chemistry, electrical current producing 

apparatus, product & process . 5 12 22 17 
430 Radiation imagery chemistry-process. 

composition or product... __ . 3 4 ] 20 
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431 Combustion..... ................. 2 1 1 3 
432 Heating.......................... 0 1 3 0 
433 Dentistry......................... 4 10 3 17 
434 Education & demonstration............ 21 4 4 8 
435 Chemistry: molecular biology 

and microbiology .......... eek wae 58 84 192 446 
436 Chemistry: analytical and immunological 

rere 23 56 72 65 
437 Semiconductor device manufacturing, 

he enced skate cede 6.06 eae Os 5 14 26 
439 Electr-connectors.................. 0 0 1 
440 Propulsion-marine.................. 0 0 0 1 
445 Electricallampetc.................. 1 0 1 0 
449 Beeculture....................... 0 0 1 0 
452 Butchering........................ 4 1 2 0 
455 Telecommunications .............. ; 10 = 6 5 
460 Crop threshing, separating............ 7 2 1 0 
474 Rotary shafts etc. & flecible couplings for . . 0 0 0 3 
494 Imperforate bowl, centrifugal separators. . . 0 0 1 0 
501 Compositions-ceramic............... 0 5 6 21 
502 Catalyst, solid sorbent, or support therefor, 

product or process of making ........ 2 8 11 22 
503 Record receiver with plural leaves or 

coloriess colorformer.............. 1 0 0 0 
505 Superconductor technology-apparat:mat; 

process................02.0005. 0 0 0 25 
514 Drug, bio-affecting and body treating 

compositions.................... 46 119 225 464 
518 Chemistry- F/T processes; puri/recov 

ofproducts ..................... 0 0 1 1 
521 Synthetic resins or nat rubbers- 

cf class 520 series................ 10 8 5 5 
522 Synthetic resins or nat rubbers- 

cf class 520 series............... 1 3 1 4 
523 Synthetic resins or nat rubbers- 

cfclass 520series................ 3 3 6 6 
524 Synthetic resins or nat rubbers- 

cfclass 520series................ 7 4 3 8 
525 Synthetic resins or natural rubber- 

part ofclass 520series............. 4 21 24 38 
526 Synthetic resins or nat rubbers- 

cfclass 520seriles................ 4 5 3 19 
527 Synthetic resins or nat rubbers- 

cfclass 520series................ 1 0 2 1 
528 Synthetic resins or natural rubber- 

part of class 520series............. 20 13 6 30 
530 Chemistry: peptides or proteins: 

lignins or reaction products thereof ._.. 9 14 79 117 
534 Organic compounds - cf class 

532-570 series................... 4 5 2 rs) 
536 Organic compounds - part of class 

532-570 series................ 19 23 35 65 
540 Organic compounds-part of class 

532-570 series.......... 8 13 11 36 
544 Organic compounds - cf class 

532-570 series 5 4 9 20 
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Technology class 1969-75 1975-80 1981-85 1986-90 
546 Organic compounds-part of class 

532-570 series................... 15 23 9 29 
548 Organic compounds-part of classi 

532-570 series........... beeen 4 14 10 24 
549 Organic compounds-part of class 

532-570 series................... 8 28 37 40 


552 Organic compounds - cf class 


532-570 series................... 25 25 31 15 
556 Organic compounds-part of class 

532-570 series................... 10 7 13 26 
558 Organic compounds-part of class 

532-570 series................... 6 5 8 12 
560 Organic compounds-part of class 

532-570 series................... 12 20 16 13 
562 Organic compounds-part of class 

532-570 series..................... 10 8 5 9 

564 Organic compounds - cf class 

S32-670 eorles. ..... 2... 22... 7 7 5 10 
568 Organic compounds-part of class 

532-570 series................ - 19 23 14 15 
570 Organic compounds - cf class 

532-570 series................... 2 0 1 3 
585 Chemistry-hydrocarbons.............. 4 6 14 
600 Surgery. 5 5 11 13 
— i eee ee eT ree eee 7 11 78 
606 Surgery.......................... 14 8 21 54 
623 Prosthesis, parts thereof or aids and 

accessories therefor............... 21 14 22 54 
800 Multiceliular living organisms or parts... . . 1 1 3 2 


SOURCE: TAF Report. U.S. Universities, U.S. Patent and Trademark Office, July 1991 
See figure 5-14. Science & Engineering Indicators — 1991 
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Patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-90 


(page 1 of 3) 
Total 

1969-90 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
ALL ACADEMIC PATENTS........... 10,559 630 237 258 249 320 357 363 367 262 390 436 457 433 551 585 670 817 805 1,217 1,155 
Patents to top 100 R&D performers.... 8399 476 181 189 180 242 281 285 289 199 290 335 360 343 416 453 521 682 671 1,022 984 
Massachusetts Institute of Technology... 1,109 94 28 40 37 44 #59 39 53 43 44 66 51 47 47 35 45 63 63 #101 «110 
University of California .............. 752 59 16 25 22 17 #2 25 23 1 2 38 42 48 46 42 54 67 #+«©460 = 81 62 
California Institute of Technology. ..... . 428 29 17 14 15 27 18 16 618 6€=6©61206©62606C=«“‘CdNGC‘<i‘zTCCTEKCUIHChClUL GCOS CO TFCOBECOCSE—C«WOD 
Stanford University................. 415 3 3 6 7 1% 19 18 10 4 11 10 4 6 3% 38 33 48 54 43 3 
University of Wisconsin............. ; 338 15 12 13 8 17 20 25 13 7 28 2 #17 #13 #14 «17 0~¢«6«©617—0~—6€«142¢«62006€¢=62h7l(16 
lowa State University ............... 332 42 11 14 20 15 14 15 12 8 12 12 15 10 14 21 9 15 15 28 30 
University of Minnesota.............. 258 15 9 6 4 5 3 5 6 7 6 12 10 5 6 11 16 28 26 40 38 
Cornell University.................. 243 11 1 2 3 5 10 10 10 7 11 8 6 10 14 #20 13 #30 14 22 34 
University of Texas................. 222 0 0 0 0 0 0 1 2 0 1 6 7 5 8 20 25 21 21 51 54 
Johns Hopkins University)............ 214 4 7 5 4 10 3 9 10 4 6 9 8 6 10 15 18 18 21 #27 ~~ 15 
Purdue University.................. 204 16 10 4 1 13 15 12 6 4 13 15 11 11 14 18 g 4 2 11 15 
University of Utah.................. 198 15 8 3 2 5 7 6 12 17 12 7 14 15 9 11 7 12 9 13 £414 
University of Ilinois................. 189 17 7 8 9 9 14 11 11 6 10 8 7 8 8 10 12 4 9 15 6 
Ohio State University ............... 176 38 12 8 3 4 7 9 8 0 3 4 5 8 3 10 5 12 14 13 £410 
University of Florida ................ 153 0 0 1 1 2 2 0 1 3 7 4 0 6 10 7 #10 13 #24 #33 #8 32 
State University of New York.......... 112 0 0 0 0 0 0 0 0 0 1 2 8 2. «(11 5 11 18 10 25 19 
Georgia Institute of Technology........ 112 6 0 3 5 1 1 2 2 5 3 7 8 3 6 11 9 9 7 8 16 
University of Michigan............... 109 0 0 0 4 0 2 8 2 4 4 1 Z 2 1 1 10 6 14 23 25 
Harvard University ................. 105 0 0 0 0 0 0 1 2 0 4 3 «(11 10 7 1 2 9 17 15 23 
University of Rochester.............. 100 0 0 0 0 0 4 2 4 0 6 7 8 9 6 2 8 9 11 11 13 
University of Southern California ....... 98 0 0 2 3 4 5 6 15 6 7 2 § 1 7 5 5 4 7 8 6 
Northwestern University ............. 91 12 0 2 1 0 0 2 7 5 7 1 7 3 2 2 8 10 10 7 5 
University of Kentucky............... 86 8 2 3 6 0 0 1 3 2 5 4 6 6 7 5 7 4 7 6 4 
University of lowa.................. 78 2 0 0 0 0 3 3 2 5 4 4 5 3 4 1 8 8 6 8 12 
University of Virginia................ 78 0 0 1 3 0 3 7 8 6 1 3 8 4 2 1 4 3 4 8 12 
University of Pittsburgh.............. 75 0 0 0 0 0 0 0 0 2 6 3 2 5 8 3 8 10 6 11 11 
Indiana University.................. 72 24 5 2 0 1 4 4 7 2 2 1 0 3 2 4 0 3 1 6 1 
Columbia University ................ 72 0 0 0 0 0 0 0 0 0 0 0 0 2 3 4 7 6 15 19 16 
University of Missouri............... 72 0 0 0 2 3 5 0 6 4 1 2 9 5 4 0 3 8 9 5 6 
University of Pennsyivania............ 71 4 1 2 2 1 2 5 5 3 1 1 1 2 4 5 1 2 1 9 19 
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Patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-90 
(page 2 of 3) 
Total 
1969-90 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 i988 1989 1990 
New York University................ 70 4 2 3 0 2 0 0 0 0 3 1 7 3 4 5 3 5 4 10 14 
University of Tennessee ............. 68 8 1 0 1 0 0 0 0 0 0 1 1 0 1 5 8 8 12 14 
Duke University ................... 62 2 1 1 1 1 0 0 0 0 2 1 3 3 6 4 6 4 9 11 7 
Boston University.................. 60 0 0 0 0 0 0 2 1 0 3 2 1 2 2 3 6 9 9 9 11 
Kansas State University ............. 58 2 4 3 3 5 3 2 1 3 3 2 2 4 3 2 4 4 3 4 1 
Michigan State University ............ 56 0 2 1 0 0 4 0 2 1 2 1 1 3 3 3 10 6 8 2 7 
Texas A&M University............... 55 0 0 0 0 0 0 0 0 1 0 3 3 2 3 8 3 6 9 8 9 
Rockefeller University............... 55 0 0 0 0 0 0 1 0 1 0 3 3 1 3 5 4 9 11 6 8 
Baylor University .................. 52 0 0 0 0 1 3 4 1 1 1 3 3 2 2 3 2 7 3 8 8 
Yale University.................... 52 0 0 0 0 0 0 1 0 0 0 0 0 2 2 5 3 12 6 11 10 
Oregon State University ............. 50 0 0 0 0 0 3 1 1 2 0 4 1 3 4 4 4 6 3 11 3 
North Carolina State University ........ 50 0 0 0 0 0 0 0 0 1 0 4 1 0 2 3 4 6 5 10 14 
Washington University .............. 49 2 0 0 1 2 1 1 0 0 3 1 0 1 1 3 1 7 6 12 7 
University of Alabama............... 48 1 0 1 0 0 1 4 4 2 3 2 3 1 1 5 3 5 3 3 6 
University of Miami................. 48 0 0 0 0 3 1 0 1 0 2 2 2 0 4 4 3 15 5 5 1 
Wayne State University.............. 47 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 5 6 7 16 9 
University of Washington............. 40 0 0 1 0 2 2 1 2 2 0 0 7 2 3 1 2 1 5 3 6 
Oklahoma State University ........... 40 10 3 3 1 2 2 2 0 1 1 0 1 0 1 2 2 0 2 3 4 
Case Western Reserve University ...... 38 6 2 2 3 0 4 3 0 1 1 1 0 0 1 1 6 3 1 1 2 
City University of New York........... 37 3 1 2 1 1 0 2 1 0 1 5 4 3 2 1 2 1 3 2 2 
University of Georgia .............. 37 0 0 0 0 0 0 1 0 0 0 0 0 7 7 5 6 3 0 3 5 
University of Arizona................ 35 0 0 0 0 0 0 0 2 1 2 1 1 2 2 2 2 2 0 8 10 
University of Cincinnati.............. 35 0 0 0 1 0 1 0 0 0 0 0 0 0 2 2 1 8 3 8 4 
University of Nebraska .............. 35 0 1 0 2 5 0 1 1 0 1 5 4 0 5 1 1 1 4 0 3 
Louisiana State University ........... 34 1 0 1 0 0 0 3 2 0 1 2 0 1 1 1 1 3 4 4 4 
Yeshiva University ................. 34 2 1 1 0 3 2 0 0 1 2 0 3 0 1 4 1 6 1 5 1 
Vanderbilt University................ 31 0 0 0 0 1 1 0 2 0 1 1 2 1 0 0 5 1 4 4 5 
Clemson University................. 31 0 2 0 0 0 0 1 0 4 1 0 0 0 2 2 1 3 3 6 € 
Georgetown University .............. 31 1 2 0 0 0 0 2 0 0 0 2 1 4 s 1 0 4 3 1 
Carnegie-Melion University........... 31 1 0 0 1 1 2 1 4 1 0 0 0 0 3 3 3 1 2 5 
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University of Oklahoma .............. 


University of North Carolina ........... 
University of Kansas .. 


University of Medicine and Dentistry of NJ . 


Washington State University........... 
University of New Mexico . . 


University of Chicago........ 
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29 
28 
27 
27 
26 
25 
24 
22 


University of Hawaii . 


12 


0 


21 


Princeton University . . . 


20 


University of Connecticut ............. 


19 
19 
18 
18 
16 
16 
15 
14 
12 
12 


Rutgers, The State University.......... 


Utah State University................ 


Colorado State University............. 


University of Colorado ............... 


Tulane University of Louisiana ......... 


Virginia Polytechnic Institute........... 


University of Maryland............... 
Tufts University .. . 


Brown University ................... 


Emory University . . . 


11 


University of Massachusetts........... 


10 


NOTES: Based on 1987 R&D expenditures; not all 100 institutions could be located in the TAF data base. 


‘Includes the Applied Physics Laboratory. 
SOURCE: TAF Report, U.S. Universities, U.S. Patent and Trademark Office, July 1991. 


See figure 5-15. 


Virginia Commonwealth University ... . 


Arizona State University.............. 


New Mexico State University........... 
Woods Hole Oceanographic institute... . . 
Mississippi State University............ 


Florida State University .............. 
Pennsylvania State University.......... 


Auburn University .................. 
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Appendix table 6-1. 
Real gross domestic product per capita, for selected countries: 1950, 1955, 
and 1960-90 

South United West 

Canada France Italy Japan Korea Sweden Kingdom Germany 

1950... 695 444 32.0 16.7 NA 59.5 61.1 35.8 
1955... 687 46.8 36.3 21.1 98 59.5 61.6 47.2 
1960... 72.1 54.5 45.3 29.8 97 67.1 66.7 61.5 
1961... 722 56.4 48.3 33.6 99 69.9 67.7 62.9 
1962... 732 57.0 49.2 34.3 95 69.9 65.4 62.7 
1963 ... 73.7 57.5 50.3 36.6 98 71.4 66.0 62.3 
1964... 743 58.4 49.4 39.5 10.1 72.9 66.4 63.3 
1965... 744 58.0 48.4 39.3 10.0 71.7 64.6 63.1 
1966... 745 578 48.7 412 10.4 69.3 62.6 61.4 
1967 ... 74.0 59.0 51.0 44.4 10.6 69.9 62.9 60.1 
1968 ... 745 59.3 52.4 48.0 11.2 69.9 63.3 61.3 
1969 ... 762 62.0 54.4 52.4 12.3 718 62.9 64.3 
1970... 782 65.9 57.8 57.6 13.2 76.8 65.2 67.9 
1971... 805 67.5 57.5 58.6 14.1 76.0 65.7 68.2 
1972 ... 812 67.3 56.5 60.3 14.0 746 64.7 68.1 
1973... 832 67.7 57.8 61.1 15.2 745 67.0 68.4 
1974... 870 705 616 608 165 779 +674 #8696 
1975... 898 71.4 60.8 63.1 17.8 81.2 68.4 70.3 
1976... 906 71.4 62.1 62.6 19.1 78.8 68.3 71.7 
1977... 896 70.9 62.0 62.7 20.1 74.6 66.7 71.4 
1978... 89.1 70.1 61.3 62.6 21.1 72.7 66 4 70.7 
1979... 908 71.4 64.2 649 22.1 74.7 67.2 729 
1980... 922 73.2 67.7 67.6 21.4 76.8 66.7 74.4 
1981... 936 72.9 67.3 68.9 22.4 76.0 65.4 73.7 
1982... 929 77.1 69.7 73.2 24.2 796 68.7 75.7 
1983... 925 75.2 68.3 72.6 25.7 788 694 75.1 
1984... 921 71.6 66.0 71.0 26.2 77.3 66.4 73.1 
1985... 933 70.8 65.8 72.2 27.0 76.8 66 9 728 
1986... 939 70.9 66.3 72.2 29.5 76.9 68.1 729 
1987 ... 942 70.3 66.6 72.9 32.0 76.8 69.2 72.1 
1988 ... 940 70.5 66.9 746 34.1 75.6 69.4 718 
1989. . 942 71.9 67.8 76.6 35.4 756 69 4 72.3 
1990 .. 93.9 73.7 69.0 80.7 38.1 75.3 69.8 745 


NA = not available 


NOTES: Output based on Organisation for Economic Cooperation and Development price weights to 
enable cross-country comparisons. index United States = 100 0 


SOURCE. Bureau of Labor Statistics, unpublished tabulations 
See figure 6-1 Science & Engineering indicators - 1991 
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Appendix table 6-2. 


Global production of manufactured products, by selected countries: 1980-90 


1980 1981 1982 
Total manufactures 
United States .. . 1,430,747 1,435,326 |, 344,149 
Japan ............. 796,676 814,486 843,104 
West Germany...... 516,797 515,167 520,975 
France........ 322,494 313,581 323,348 
United Kingdom .. . 311,322 284 324 289,596 
ee 201,452 202,271 198,030 
EC-12 ............. 1,611,308 1,571,914 1,595,714 
Europe............. 1,842,598 1,805,957 1,833,324 
OECD 4,265,013 4.257.110 4,209,318 
High-tech manufactures 
United States........ 286,239 296.433 301.567 
Japan ............. 130,154 147,610 158,132 
West Germany....... 83,262 88,174 91,754 
France............. 43,971 45,723 47 452 
United Kingdom . 57,388 60,779 63,409 
Italy... 22 ee. 27,798 27,796 26,231 
EC-12............. 249,036 261,304 268,113 
Europe............. 272,458 285,925 294.932 
OECD......... 708,162 750,462 775,515 
Other manufactures 
United States........ 1,144,508 1,138,893 1,042,582 
JOMON .. 1.2... e. 666,521 666,876 684,972 
West Germany....... 433,535 426,993 429 222 
France............. 278,524 267 858 275,896 
United Kingdom ...... 253,934 223,545 226,187 
errr ree 173,654 174,475 171,799 
OC-12 ............. 1,362,272 1,310,610 1,327,601 
Europe 1,570,140 1,520,032 1,538,392 
OECD 3,556,850 3,506,648 3,433,803 


1983 1984 1985 
Millions of constant 1980 dollars 

1,399,916 1,542,762 1.547.177 
895,261 957.703 1 043,767 
537,401 581.057 636,783 
328,541 342 960 377,864 
303,221 331,034 351,554 
209.718 227,159 230.267 
1,688,731 1,807,951 1.941.680 
1,934,293 2,067,593 2,219,306 
4,432 237 4,786,448 5,054,011 
320,752 378,567 395 288 
183,491 232,905 257.099 
100,589 113,293 130,157 
49.060 52,945 59 272 
68,332 79,017 89.242 
28,017 31,589 31,461 
294 528 333,749 373,748 
322.743 364,216 408,749 
849 263 999 522 1,088,661 
1,079,164 1,164,194 1,151,889 
711,770 724,798 786.669 
436,811 467.764 506.626 
279,481 290,015 318,592 
234.889 252.017 262,312 
181.701 195.570 198,807 
1,394,203 1,474,201 1,567,932 
1,611,549 1,703,376 1,810,557 
3,582,974 3,786,926 3,965,350 


1986 


1,561,688 
1,018,609 
637,013 
377.704 
349,332 
239,853 


1,943,146 
2,232,253 
5.063,814 


421,981 
268.419 
132,259 
59,915 
92,206 
36,170 


385,980 
424 339 
1,145,111 


1.139.707 
750.190 
504.754 
317,789 
257,127 
203,683 


1,557,166 
1,807,913 
3,918,703 


1987 


1,685,110 
1.065.679 
629.509 
379,183 
371,496 
247.278 


1,973,268 
2.261.077 
5,264,009 


469 526 
313,916 
131,740 
61,061 
102,634 
38,771 


401,511 
440.300 
252,843 


— 


— 


215.484 
751,762 
497.769 
318,122 
268 862 
208 507 


1.571.757 
1.820.777 
4,011,166 


1988 
(est.) 


1,769,769 
1,105,732 
651,060 
397,797 
406 626 
252,985 


2,065,127 
2,354,217 
5,487,951 


507,279 
363,772 
138,656 
64,448 
112,624 
43,067 


431,516 
471,545 
1,371,023 


1,262,490 
741,960 
512.404 
333,349 
294.001 
209.918 


1.633.611 
1.882.672 
4.116.928 


1989 
(est.) 


1,809,062 
1.224.983 
684.896 
417.814 
425 265 
259,487 


2.209.208 
2,501,518 
5,808,597 


534,818 
422.216 
140,793 
69,693 
125,326 
43,116 


445 066 
481.179 
1,484,959 


1,274,245 
802.767 
544.103 
348,121 
299 938 
216.370 


1.764.142 
2.020.338 
4 323,637 


1990 
(est.) 


1,815,580 
1.279.649 
714,699 
424 220 
430,881 
263,150 


2,246,410 
2,531,327 
5.922.903 


552,231 
449 442 
145,143 
71,607 
130,753 
42.776 


449.214 
483,123 
1,537,395 


1,263,349 
830.208 
569.556 
352.612 
300.128 
220,374 


1,797,196 
2.048.203 
4.385.509 


NOTE: Europe includes the 12 countries of the European Community (EC-12) plus Austria, Finland, Norway, Sweden, and Switzerland. 


SOURCE: Special tabulations developed by Data Resources, inc./McGraw-Hill from the Organisation for Economic Cooperation and Development's (OECD's) Industrial Structure Statistics and Series C Trade Data 
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Appendix table 6-3. 
Country share of global market for high-tech manufactures, by industry: 1980-90 
(page 1 of 3) 
1988 1989 1990 
1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) (est.) 
Percent 
HIGH-TECH MANUFACTURES 
United States ................. 40.4 39.5 38.9 37.8 37.9 36.3 36.9 37.5 37.0 36.0 35.9 
Se 18.4 19.7 20.4 21.6 23.3 23.6 23.4 25.1 26.5 28.4 29.2 
West Germany ................ 11.8 11.7 11.8 11.8 11.3 12.0 11.5 10.5 10.1 9.5 94 
Pn wag seb eaeeseveveces 6.2 6.1 6.1 5.8 5.3 5.4 5.2 49 47 4.7 47 
United Kingdom. ............... 8.1 8.1 8.2 8.0 7.9 8.2 8.1 8.2 8.2 8.4 8.5 
Oe 4546444644 ken w dee eas ces 3.9 3.7 3.4 3.3 3.2 2.9 3.2 3.1 3.1 29 2.8 
MS ob 46.4040 8 6k bn 4 daw Se wes 35.2 34.8 34.6 34.7 33.4 34.3 33.7 32.0 31.5 30.0 29.2 
ee ee 38.5 38.1 38.0 38.0 36.4 37.5 37.1 35.1 34.4 32.4 31.4 
industrial chemicals 
United States ................. 32.7 33.1 29.8 29.2 28.0 25.8 28.5 31.4 31.2 32.2 32.5 
Japan... 2... 2. ee eee 16.1 14.4 15.3 14.0 14.1 13.4 12.1 13.1 12.7 13.4 14.1 
West Germany ................ 16.2 16.9 17.9 19.1 19.5 20.4 20.4 18.5 18.7 18.8 18.4 
France .................2205. 5.0 5.2 5.8 5.5 5.1 5.3 5.3 49 5.0 5.1 48 
United Kingdom. ............... 8.8 8.4 9.0 9.4 9.7 10.1 9.5 9.2 9.2 9.3 9.1 
Italy 2. eee eee eee 5.1 5.2 4.4 4.4 4.9 4.9 43 4.3 43 43 4.0 
rr 43.0 44.3 45.8 48.1 49.6 52.0 49.9 46.5 47.2 45.9 44.3 
Europe................0.005. 47.9 49.1 51.2 53.3 54.8 57.6 56.0 52.2 52.8 51.3 50.4 
Drugs and medicines 
United States ................. 29.6 29.6 30.3 30.3 30.4 30.0 30.4 31.4 31.4 30.8 29.2 
ee 21.2 21.7 22.1 22.0 21.2 20.7 20.4 19.9 20.1 20.1 20.3 
West Germany ................ 13.1 13.1 12.5 12.5 12.7 12.3 12.1 11.4 11.5 11.4 10.9 
Ng 60.5 00.6 055 6944946004404 5.6 5.3 4.7 4.4 43 4.0 3.8 3.6 3.8 40 3.9 
United Kingdom................ 9.3 8.8 9.1 8.8 9.1 9.0 92 94 96 10.0 99 
Pe eee eee 5.5 5.4 5.6 5.4 6.1 6.5 58 5.7 6.2 6.3 6.2 
Serer Te re Te eee 40.7 40.3 39.1 38.9 39.8 39.8 38.6 38.1 39.0 39.5 39.0 
Pee eee eee 46.0 45.6 446 44.6 45.4 45.9 45.7 45.0 45.7 46.3 475 
Engines and turbines 
United States ................. 44.2 37.9 35.0 33.0 35.4 34.8 35.4 35.4 35.8 35.2 34.9 
Se ee 18.4 16.1 17.9 18.8 18.0 17.0 14.9 15.7 15.5 15.8 15.3 
West Germany ................ 11.3 9.9 9.0 9.4 10.3 11.2 10.9 11.2 10.7 10.8 11.6 
Fe eee 6.8 6.1 5.6 5.7 5.9 5.3 4.9 5.1 4.9 47 49 
United Kingdom. ............... 6.8 18.3 20.5 18.3 17.1 19.7 21.9 20.9 21.4 22.6 22.3 
Pere rerere rs Tre errs 4.2 3.7 3.1 4.9 5.5 3.4 3.2 3.1 3.0 2.9 3.0 
eee 32.7 40.8 41.3 41.3 41.6 42.7 44.3 43.6 43.3 43.8 443 
CUOMO ccc cee 37.2 45.9 47.0 48.1 46.5 48.1 49.6 48.8 48.5 48.9 49.6 
(continued) 
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Appendix table 6-3. 
Country share of global market for high-tech manufactures, by industry: 1980-90 
(page 2 of 3) 
1988 1989 1990 
1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) (est.) 
Percent 
Office and computing machinery 
United States ................. 50.0 49.0 49.1 45.2 440 39.6 37.8 38.1 37.3 35.6 34.8 
Japan..............-....2--- 22.0 23.0 24.0 27.2 27.5 30.2 30.8 318 33.3 34.6 37.5 
West Germany .............. ' 6.5 7.4 7.0 7.0 74 8.3 8.0 7.1 6.6 5.5 54 
France ...................... 3.9 46 44 42 43 3.9 3.6 3.2 2.9 2.7 26 
United Kingdom. ............... 6.0 47 49 5.3 5.8 6.9 6.5 74 8.1 8.1 8.1 
ee 2.1 1.9 1.6 1.8 1.7 1.3 3.2 29 3.1 24 2.3 
re 21.9 22.0 21.2 22.6 24.0 25.2 26.5 26.0 255 23.3 21.3 
Europe...................... 23.9 24.0 23.1 24.4 25.7 27.2 28.6 27.9 27.4 245 218 
Radio, TV, & communication equipment 
United States ................. 36.6 34.8 35.0 34.0 33.8 32.9 32.8 32.3 31.5 29.9 30.6 
Japan........0......2........ 26.4 30.5 30.7 32.2 35.5 34.0 33.0 36.5 39.3 42.9 42.0 
West Germany ................ 12.0 11.4 11.4 11.1 9.8 11.3 11.6 10.3 9.6 9.5 10.0 
France ...................... 5.4 5.1 5.2 47 42 5.1 5.1 45 41 41 44 
United Kingdom. ............... 7.1 6.5 6.5 6.6 6.5 6.4 6.4 6.2 6.0 5.9 6.2 
PPT cerrrrrrTTocre 2.2 1.9 1.9 1.9 1.5 1.4 1.6 1.6 1.5 15 1.5 
BC-12. 0... ee ee eee 32.2 29.9 29.6 29.4 26.7 29.0 297 26.8 25.4 24.1 25.2 
Europe...................... 35.1 32.7 32.5 31.9 29.0 31.4 32.3 29.2 27.7 25.6 25.9 
Aircraft 
United States ................. 57.6 56.4 56.6 55.8 58.7 57.9 595 58.7 59.2 56.4 55.9 
hs < 64 5 os % + 6 Ns 44 FO30 065% 2.2 2.4 2.3 2.4 2.5 2.9 25 28 3.2 3.6 3.6 
West Germany ................ 48 5.3 6.0 5.4 5.0 5.0 44 46 47 46 48 
EN 6-556 bo 43 6 64 63406-04400" 13.9 13.9 14.2 15.1 13.7 13.0 119 12.0 12.9 13.9 13.7 
United Kingdom. ............... 12.0 12.5 11.7 12.5 11.7 118 12.7 13.1 11.2 13.2 13.5 
ois hee 4066566 55065.0.044 3.9 3.5 3.6 3.1 2.9 3.4 28 3.0 3.0 3.0 3.0 
Ce 665 4c4 0586540605560 88 36.0 36.9 37.2 37.8 34.7 34.8 33.3 34.3 33.6 36 1 36.1 
RED <6 6.666 9:66.0605¢66046%-0% 37.1 38.1 38.5 39.1 36.2 36.5 35.0 35.9 35.1 37.6 37 
(continued) 
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Appendix table 6-3. 
Country share of global market for high-tech manufactures, by industry: 1980-90 
(page 3 of 3) 
1988 1989 1990 
1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est) (est.) 
Percent 
Scientific instruments 
United States ................. 49.1 49.0 50.5 50.0 50.4 48.4 484 508 515 52.7 53.4 
Japan..............2.22.0..... 17.6 19.2 18.1 19.0 19.0 19.7 18.9 18.1 16.2 16.1 15.4 
West Germany ................ 11.4 10.8 10.2 98 98 10.8 11.1 11.1 11.4 10.8 11.1 
France ..................... 44 4.1 42 44 44 5.4 5.5 5.6 58 5.9 6.1 
United Kingdom................ 5.4 47 5.3 49 48 5.1 5.3 56 5.9 58 59 
Italy 2.2 ee. 55 5.5 5.2 5.1 49 4.1 4.1 44 48 45 41 
MS ccna evieueeneebueewawe 28.9 27.4 27.1 26.9 26.6 27.5 28.2 28.4 29.7 28.6 28.6 
Europe...................... 30.8 29.3 29.0 28.8 28.7 29.9 30.6 30 4 31.6 30.5 30.5 


NOTES: Total shipments by OECD countries are used as a proxy for global output. Shares represent each country’s shipments as a percentage of OECD shipments Europe includes the 12 countnes of the European 


Community (EC-12) plus Austria, Finland, Norway, Sweden, and Switzerland. 
SOURCE: Special tabulations developed by Data Resources, Inc./McGraw-Hill from the Organisation for Economic Cooperation and Development's (OECD's) Industrial Structure Statistics and Senes C Trade Data 


See figures 6-2 and 6-3 and figure O-22 in Overview. 
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High-tech manufactures’ share of total manufacturing output, by country: 1980-90 
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1980 1981 1982 
United States .................... 20.0 20.7 22.4 
CEs £.o4 abe es chess aeeenedw nen 16.3 18.1 18.8 
West Germany ................... 16.1 17.1 17.6 
i .. PERT 13.6 14.6 14.7 
United Kingdom. .................. 18.4 21.4 21.9 
BD Sos can csacdwereusseuene coun 13.8 13.7 13.2 
Serer ee eee ee ee 15.5 16.6 16.8 
GE ccc cece s ce ccene 16.6 17.6 18.4 


1983 


22.9 
20.5 
18.7 
14.9 
22.5 
13.4 


17.4 
19.2 


1985 


Percent 
25.5 
24.6 
20.4 
15.7 
25.4 
13.7 


19.2 
21.5 


1986 


27.0 
26.4 
20.8 
15.9 
26.4 
15.1 


19.9 
22.6 


1987 


1989 


(est) 


296 
345 
206 
16.7 
29.5 
16.6 


20.1 
25.6 


NOTE: EC-12 = 12 countries of the European Community. 


SOURCE: Special tabulations developed by Data Resources, Inc./McGraw-Hill from Organisation for Economic Cooperation and Development's (OECD's) Industrial Structure Statistics and Senes C Trade Data 


4) 


Science & Engineering Indicators - 1991 


vor 


sajqe| xipueddy ‘vy xipueddy 


Appendix table 6-5. 
import share of domestic market, by industry: 1980-90 


1988 1989 1990 
1980 1981 1982 1983 1984 1985 1986 1987 (est) (est) (est) 
Percent 
HIGH-TECH MANUFACTURES 
United States ................. 8.0 8.2 8.0 89 10.4 10.8 12.1 13.2 15.1 13.5 13.8 
Japan........... _— seu 6.6 6.3 6.3 6.9 6.5 65 84 8.3 88 86 92 
West Germany .......... ee 25.1 26.7 28.1 27.9 284 28.8 31.2 33.9 35.2 37.6 412 
France ................ ..os. £32 33.3 34.1 36.6 38.7 403 45.1 50.6 53.9 53.5 55.2 
United Kingdom... . . sod eww es 29.1 25.1 27.5 29.4 32.2 33.6 38.8 37.0 39.2 38.5 42.1 
Italy 22. 2... 293 30.8 34.7 36.9 37.1 440 445 46 3 47.5 40.5 436 
industrial chemicals 
United States ........ teeuwen 8.0 7.6 8.6 94 11.2 12.3 11.7 98 99 108 10.6 
Japan............. eee 8.6 98 11.4 143 16.4 17.6 25.7 25.0 264 245 22.1 
Drugs and medicines 
United States ........... eee 48 49 4.2 49 5.8 6.2 69 72 8.2 49 5.3 
SOOM. cc cc ce eee 7.8 7.8 8.1 8.3 88 92 12.9 13.9 147 13.6 12.0 
Office and computing machine 
United States ........ oeees 3.8 44 5.2 8.0 98 10.4 13.6 168 20.3 155 164 
SR o.v0 046 oe 05 Ub oS dee ees 1.9 2.0 2.0 16 18 2.0 2.3 3.0 3.9 $.3 62 
Radio, TV, & communication equipment 
United States ...... eeu enees 5.0 5.0 5.2 5.7 7.1 53 55 65 82 91 88 
Ns 6 pdb 6 eo sew be 435 684 os 1.4 1.3 1.2 14 1.6 1.3 19 1.9 2.3 24 27 
Aircraft 
United States ............ ies 5.6 6.6 5.6 46 5.3 61 67 64 67 71 77 
Japan....................... 344 39.7 30.8 47.1 34.2 40.8 19.9 437 414 32.1 422 
Scientific instruments 
United States ................. 13.1 13.6 12.0 13.0 149 159 18.4 18 19.0 Bi 
Pha «zene 6 uweebeceeent ene 19.9 18.1 19.8 23.1 27.0 27.0 36.9 440 62.4 69.0 
SOURCE: Special tabulations developed by Data Resources, Inc./McGraw-Hill from Organisation for Economic Cooperation and Development's Industria! Structure Statistics and Ser Trade [ 
See figures 6-4 and 6-5 Science & Engineering Indica 
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Appendix table 6-6. 


U.S. share of foreign markets for high-tech manufactures: 1980-90 


1980 1981 1982 1983 1984 

High-tech manufactures... __—_.. 10.0 96 8.7 8.1 78 
industrial chemicals ............. 5.9 5.7 5.2 47 49 
Drugs and medicines ...... - 46 46 43 43 43 
Engines andturbines ......... .. 39.6 32.3 318 30.9 31.0 
Office and computing machinery .... 108 10.8 10.1 9.7 9.7 
Radio, TV, & comm. equipment... . . 1.7 1.4 2.6 26 2.6 
Aircraft............. tee eee. ©6263 27.2 22.0 22.4 20.4 
Scientific instruments ............ 18.5 18.6 17.7 16.7 16.7 
Other manufactures......-.—-—-—s—s.s...... 48 49 42 3.7 3.7 


1985 


Percent 
76 
45 
41 

33.7 
89 
2.0 

23.1 

15.1 


3.3 


3.3 


3.7 


1988 
(est) 


99 
5.8 
46 
441 
12.3 
29 
25.7 
19.8 


46 


1989 
(est) 


92 
6.7 
3.6 
39.7 
94 
3.0 
25.0 
22.4 


47 


1990 


(est) 


97 
6.2 
3.5 
410 
95 
3.4 
28.9 
23.1 


5.1 


NOTES: Foreign market size is calculated by subtracting U.S. apparent cc, sumption of high-tech products from total Organisation for Economic Cooperation and Development shipments of same. The concept of foreign 
market share differs from export market share by adding the home market shipments of non-U.S. producers to the denominator. Foreign market share provides a measure of US. competitiveness against foreign producers in 


their home markets and export markets 
SOURCE: Data Resources, inc./McGraw-Hill, special tabulations 
See figure 6-6. 
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Appendix table 6-7. 

Export market shares, by industry and country: 1980-88 

(page 1 of 2) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 
Percent 

ALL MANUFACTURING INDUSTRIES 
United States............. 16.2 15.7 13.6 12.2 11.6 10.6 10.2 112 13.1 
Japan .................. 10.8 11.7 11.4 12.1 13.1 12.9 12.7 12.4 12.5 
West Germany....... .... 73 178 18.5 17.9 17.9 18.4 178 17.2 16.8 
France.................. 10.2 10.2 10.1 10.2 10.0 98 93 93 94 
United Kingdom ........... 8.7 75 79 77 78 8.1 9.0 92 88 
Bs 6655444564 040404004% 7.0 7.3 7.6 76 74 7.7 76 75 76 
DME 60660465055 644606% 59.0 58.4 60.3 60.4 59.8 60.8 613 60.8 60.1 

High-tech manufactures 
United States............. 26.9 25.9 23.3 22.0 20.9 20.1 20.1 218 23.4 
Japan .................. 9.7 10.1 99 11.0 12.1 11.6 12.5 13.7 15.2 
West Germany............ 16.1 17.0 18.1 17.3 17.5 17.1 15.5 144 13.5 
France.................. 9.3 9.6 99 98 10.2 10.3 93 96 92 
United Kingdom ........... 12.6 10.9 11.7 11.4 12.0 13.3 146 13.5 12.0 
rrr rer errr 3.6 43 46 5.0 46 47 44 44 42 
PEE oe needesesseeeenes 52.3 52.4 55.6 55.5 56.1 57.3 56.4 54.0 §2.2 

Industrial chemicals 
United States............. 18.0 16.9 15.4 13.1 13.1 118 12.0 13.1 13.4 
EE ocenesseessteseene 6.7 6.0 6.2 6.0 5.7 5.9 6.3 72 68 
West Germany............ 19.1 20.1 20.9 20.6 21.4 21.1 19.3 18.7 175 
Pes 00060060 09654089: 11.9 12.0 98 12.0 12.3 13.4 13.0 13.3 123 
United Kingdom ........... 10.2 9.6 10.6 10.3 10.6 11.3 13.0 13.0 12.0 
Freer ere rere 3.6 45 5.6 6.5 5.6 56 42 46 5.0 
a ere 63.4 64.7 66.1 69.0 695 70.1 69.2 67.1 68 3 

Drugs and medicines 
United States............. 15.6 149 129 14.0 13.4 12.3 12.6 12.2 13.5 
eee 2.3 2.3 2.0 2.3 23 2.3 2.3 23 24 
West Germany............ 17.5 18.0 16.2 17.4 18.1 18.3 174 17.2 17.0 
Pn-690664s.000:660.0648 11.6 11.5 19.8 11.8 11.6 11.6 11.0 10.9 10.8 
United Kingdom ........... 13.4 12.9 12.6 13.2 13.4 13.7 149 145 13.8 
— POPPE ere er ererrre 5.3 5.6 5.1 5.6 5.9 6.2 5.6 5.3 5.5 
BED 6-0-0-0.0.066 66466000466 63.4 63.2 68.0 64.3 65.8 66.5 66.1 66.3 65.8 

Engines and turbines 
United States............. 26.7 25.2 23.3 21.0 19.9 19.0 17.6 18.2 20.1 
Japan... 6. een, 10.9 12.2 11.3 12.3 14.2 13.5 13.9 142 13.7 
West Germany............ 16.6 15.8 17.3 17.6 17.7 17.9 17.6 17.3 16.2 
France... ............... 8.5 8.6 8.4 8.7 8.8 9.3 9.0 9.3 94 
United Kingdom ........... 16.3 15.9 16.0 13.4 12.8 13.5 15.2 140 149 
Waly. eee 46 49 49 5.8 5.0 42 5.0 5.0 42 
DET ¢eséeaeeuececeeses 51.7 51.3 53.4 52.1 50.7 52.5 53.2 51.9 50.9 
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Appendix table 6-7. 

Export market shares, by industry and country: 1980-88 

(page 2 of 2) 

1980 1981 1962 1983 1984 1985 1986 1987 1988 
Percent 

Office and computing machinery 
United States .__. . 423 414 38.1 35.7 33.6 28.8 27.1 285 318 
Japan ............ . 6.3 78 92 10.7 10.8 11.2 13.5 158 200 
West Germany........... 12.1 13.4 13.4 123 11.3 115 11.1 90 76 
France......... ee eus 99 106 8.2 84 92 90 79 8.0 72 
United Kingdom .._... 12.9 10.0 11.8 129 15.6 18.2 175 16.9 12.0 
italy... 0.2... en 28 3.0 3.6 3.4 3.2 45 46 40 40 
EC-12 ... - —e 46.7 ar ~ 48 8 497 52.1 56 4 55.7 52.5 457 

Radio, TV. and 

communication equipment 
United States........ 243 33.5 30.5 256 21.7 23.1 23.7 23.6 
Japan) ....... .. 268 29.6 25.8 30.0 33.4 299 31.0 32.0 34.4 
West Germany... 14.1 14.2 115 11.2 112 11.9 10.3 96 108 
France . er 8.7 94 72 68 6.6 80 75 8.1 7.7 
United Kingdom ........... 79 6.7 7.3 68 7.7 10.2 10.1 9.0 88 
Italy a, see a 3.8 41 3.7 36 3.4 41 38 43 3.2 
EC-12 ..... 44.1 42.1 36.7 35.3 35.8 416 39.4 37.5 36 4 

Aircraft 
United States . §3.0 51.0 387 41.1 346 408 433 50 0 448 
Japan ........ 04 0.4 06 0.6 05 05 05 07 07 
West Germany..... - 10.7 15.0 21.1 17.3 20.5 168 11.0 118 132 
France . sees €.7 8./ 12.0 11.7 15.0 119 92 11.0 129 
United Kingdom ........... 183 10.5 128 14.7 15.0 15.1 197 9.7 107 
Italy ' 18 45 47 47 54 5.0 41 40 43 
EC-12 - . 42.0 43.3 55.1 53.0 59.1 51.7 470 46.3 476 

Scientific instruments 
United States . =e 21.4 206 193 17.0 158 13.9 13.5 13.8 149 
Japan ..... 17.7 18.5 178 19.3 20.0 19.9 20.0 198 20.0 
West Germany . 16.4 16.9 17.7 17.1 17.6 186 18.1 17.7 17.6 
France ok, 76 74 75 7.7 79 8.0 70 73 74 
United Kingdom .. 93 88 97 98 10.2 10.7 118 11.7 116 
Italy. 3.3 3.3 3.3 3.5 3.6 38 39 40 39 
EC-12 . - —— 456 456 48.0 48 4 495 51.2 516 514 515 

Other manufactures 
United States ... 14.1 13.6 11.5 10.0 94 8.3 76 83 10.0 
JQQON .......... ‘es 11.0 12.0 11.7 12.3 13.3 13.2 12.7 12.1 11.7 
West Germany _.. 17.5 17.9 18.6 18.0 17.9 188 184 18.0 178 
France... ices 10.4 10.3 10.2 10.2 99 97 93 92 94 
United Kingdom vTTT 79 68 70 6.9 68 68 75 8.0 79 
italy . . a 7.7 8.0 8.2 8.2 8.1 8.4 84 83 86 
EC-12 peene - 60.3 59.6 613 61.5 60.6 617 62.5 62.7 62.4 


NOTE: EC-12 = 12 countnes of the European Community 


SOURCE. Special tabulations developed by Data Resources. Inc ‘McGraw-Hill from Organisation for Economic Cooperation and Development's industrial 
Structure Statistics and Series C Trade Data 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 
Millions of constant 1980 dollars 
High-tech manufactures 
United States ............ 23,698 23,643 20.640 17,512 10,881 12,210 9,187 10,392 11,855 
Japan.................. 8,022 9,267 8,943 10,378 14,193 15,127 15,622 20,114 26,627 
West Germany............ 7,941 8,914 10,663 9,462 12.670 11,244 6,002 3,151 1,807 
France ................. 1,213 2,690 3,191 2,893 5,817 5,862 563 357 - 1,298 
United Kingdom........... 6,092 5,377 5,949 4,328 4,093 8,078 11,692 9,371 588 
Italy... 2... ee eee. -3,059 -1,422 - 1,018 - 389 - 1,418 - 2,398 - 5,695 - 7,088 - 2,369 
Industrial chemicals 
United States............. 3,073 2,926 2,420 1,459 1,080 485 1,005 2.041 2,572 
Japan .................. 267 - 90 - 557 - 1,141 - 2,092 - 1,921 - 3,303 - 3,516 - 4,205 
West Germany............ 2,933 3,243 3,468 4.129 5,072 4,617 3,219 2,812 2,976 
France ................. - 436 454 - 280 1,210 1,495 2,018 1,024 1,073 944 
United Kingdom........... 1,372 1,022 1,204 1,218 1,224 1,788 2,379 2,223 2.108 
Italy... ee eee, - 1,460 - 883 - 583 - 232 - 624 - 1,046 - 2,856 - 2,710 - 3,122 
Drugs and medicines 
United States............. 1,217 1,217 1,221 1,110 914 740 806 570 567 
Japan.................. - 779 - 803 - 914 - 929 - 986 - 1,002 - 1,730 - 1,954 - 2,240 
West Germany............ 981 1,188 1,180 1,161 1,265 1,289 1,170 1,115 1,165 
France ................. 796 821 2,257 857 886 895 816 739 575 
United Kingdom........... 1,217 1,123 1,185 1,065 1,125 1,247 1,550 1.410 1.304 
ee ee ere eee 36 92 82 - 16 - 15 - 75 - 450 - 513 746 
Engines and turbines 
United States............. 4,566 4,256 4,102 2,717 1,401 288 - 557 - 590 94 
Rs eneasercuseseeyes 2,824 3,463 3,086 3,268 3,928 3,880 4,084 4,318 4,533 
West Germany............ 3,391 3,256 3,722 3,418 3,769 3,680 3,266 3,151 2.917 
France ................. 475 456 -2 71 358 378 - 126 - 355 548 
United Kingdom. .......... 2,959 2,613 2,517 1,567 1,547 1,754 2,015 1,436 1,614 
Pn © p64 942 -5.0.5 05 e945 ea 153 356 399 737 461 126 301 318 234 
Office and computing machinery 
United States ............ 2,517 2,864 2,701 2,847 2,867 4,084 1,952 935 819 
See 279 487 742 1,675 2,722 4,233 7,012 10,697 16,263 
West Germany............ - 78 g 0 - 382 - 470 - 1,137 - 1,954 - 3,631 - 5,402 
France ................. 139 172 - 315 - 470 422 300 - 988 - 996 - 2,559 
United Kingdom........... 138 - 85 - 121 - 206 104 2,864 3,056 3,669 - 4,105 
eer ere - 263 -211 - 223 - 217 - 202 - 121 - 249 - 908 - 1,458 
Radio, TV, & comm. equipment 
United States............. -1,554 - 1,835 - 386 - 646 - 2,240 - 1,411 - 1,004 - 1,383 - 2,420 
JOMOMN 0 wc cee 1,594 1,843 2,084 3,058 4,973 4,170 4,459 5,522 7,599 
West Germany............ - 596 - 468 - 406 - 450 - 612 - 880 - 1,225 - 1,147 - 947 
France ................. - 192 - 36 - 122 - 93 - 145 - 104 - 204 - 224 - 601 
United Kingdom........... - 177 - 321 - 346 - 603 - 864 - 699 - 538 - 925 - 1,163 
ME. 6 &6 20.655 00565 505345 - 408 - 216 - 273 - 245 - 512 - §32 - 801 - 1,058 - 509 
Aircraft 
United States............. 10,518 10,943 7,463 7,892 5,925 7,887 7,841 9,785 10,570 
Nb $.460.06060066855%5 -913 -1,204 - 662 - 1,402 - 874 - 1,582 - 2,214 - 1,987 - 2,144 
West Germany............ - 476 -777 - 69 - 1,040 439 - 156 - 1,467 - 1,586 - 1,501 
rr 763 1,042 2,067 1,664 2,817 2,365 1,248 1,634 1,424 
United Kingdom........... 422 1,218 1,609 1,664 1,430 1,236 3,083 1,471 843 
MD coc caeereesesesenes - 224 237 452 394 273 148 - 96 - 97 i) 
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Appendix table 6-8. 
Trade balances for high-tech industries, by country: 1980-88 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 
— Millions of constant 1980 dollars 


Scientific instruments 


United States............. 3,362 3,272 3,119 2,135 933 138 - 857 - 966 - 347 
Japan .................. 4,750 5,572 5,163 5,848 6,523 7,348 7,313 7,035 6,824 
West Germany............ 1,785 2,465 2,770 2,626 3,208 3,831 2,992 2,437 2,600 
PROMOS ....... 22. eee - 333 -218 - 416 - 348 - 14 y - 1,205 - 1,516 - 1,628 
United Kingdom........... 162 - 193 - 100 - 379 - 473 - 112 147 87 - 10 
Italy... eee - 891 - 796 - 871 - 809 - 801 - 895 - 1,544 - 2,119 - 625 
Other manufactures 
United States............. - 12,734 -14,989 - 26,275 -50,788 -90,043 -113,885 -138,294 -140655 - 125,126 
mane yeseetresses 53,923 65,121 60,801 66,550 79,944 84,706 65,097 45,136 25,811 
West Germany............ 33,511 49,165 53,673 40,922 48,348 56,764 37,002 30,691 33,553 
France ................. 10,343 16,749 7,916 8,629 12,069 7,008 -14,145 -23,823 - 25,183 
United Kingdom........... -4667 - 12,189 - 16,247 -25,911 -31,699 - 32,064 -34,.316 -36,171 -47,151 
Se eT ee eT ee 13,830 25,277 24,776 25,140 24,194 24,969 16,802 7,299 9,401 


SOURCE: Special tabulations developed by Data Resources, |nc./McGraw-Hill from Organisation for Economic Cooperation and Development's Industrial Structure 
Statistics and Series C Trade Data. 


See figure 6-8 and figure O-23 in Overview. Science & Engineering Indicators — 1991 
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Appendix table 6-9. 


U.S. receipts and payments of royalties and license fees generated from the exchange and use of industrial 
processes with unafilliated foreign residents: 1987-89 


Receipts Payments Balance 

1987 1988 1989 1987 1988 1989 1987 1988 1989 
one ~~ Millions of dollars 

ALL COUNTRIES ............. 1,592 1,871 1,902 436 449 597 1,156 1,422 1,305 
Canada..................... 87 61 56 9 11 13 78 50 43 
Bg oa uenesveececes ... 446 524 523 320 330 449 126 194 74 
Western Europe ............ 439 492 512 320 330 448 119 162 64 
European Community. ..... 353 416 372 248 277 392 105 139 -20 
France .............. 73 81 51 33 37 50 40 44 1 
West Germany ........ 79 74 76 100 112 135 -21 -38 -59 
nn dent} 6.6.4: 66 4 40 57 74 67 25 20 32 32 54 35 
United Kingdom........ 60 68 74 72 80 61 -12 -12 13 
Other............... 84 119 104 18 28 114 66 91 -10 
Other Western Europe ..... 86 76 140 72 53 56 14 23 84 
Eastern Europe............. 7 32 11 7 7 1 7 32 10 
South and Central America....... 63 48 49 5 . 58 48 49 
Brazil.................... 19 7 11 . . : 19 7 11 
Mexico................... 14 13 17 3 ° ° 11 13 17 
Allother.................. 30 28 21 2 NA NA 28 28 21 
Africa ...........2.0.0.2224.4. D 23 24 7 4 . 0 19 24 
Middie East.................. D 18 18 2 3 4 -2 15 14 
Asia and Pacific............... 936 1,184 1,221 95 98 128 841 1,086 1,093 
ss See 4 6 8 1 * 7 3 6 8 
ee ere ee eee 18 40 26 18 40 26 
Indonesia................. 5 4 8 0 * 0 5 4 8 
Sn che esscceseccveceses 723 884 889 88 95 113 635 789 776 
South Korea............... 34 104 166 7 1 34 104 165 
The Philippines............. 3 4 3 0 . 1 3 4 2 
Singapore................. 30 13 3 . 0 0 30 13 3 
seer 21 46 22 7 . 4 21 46 18 
ear 98 83 96 6 3 9 92 80 87 
Allother .................... 60 13 11 5 3 3 55 10 8 


NA = not available 

* = less than $500,000 
D = withheld to avoid disclosing operations of individual companies 
NOTE: Industrial processes include patents and other proprietary inventions and technology. 
SOURCE: Bureau of Economic Analysis, Survey of Current Business, Vol. 70, No. 9 (September 1990): pp. 45-47. 
See figure 6-9. 
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U.S. receipts and payments of royalties and fees associated with 
unaffiliated foreign residents: 1972-89 
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All United West Other 
countries Canada France Japan Kingdom Germany countries 
Millions of current dollars 

Receipts 
- eee 655 38 42 240 63 56 216 
DD gees 4-440 e494 712 32 43 273 75 63 226 
re 751 38 46 249 71 78 269 
1975 ............ 757 38 47 219 79 81 293 
eee 822 45 57 246 72 83 319 
rere 1,037 42 48 275 82 92 498 
1978 ............ 1,180 61 47 343 93 119 517 
GE 6 cs ceesaees 1,204 43 54 343 102 109 553 
eee 1,305 68 144 403 113 145 432 
MD pik ey 45490 2% 1,490 69 133 423 119 101 645 
DE oe 0046 cu bees 1,669 71 119 502 122 105 750 
Pee 1,679 79 136 523 134 136 671 
SE cee sc ceescees 1,709 84 105 549 133 127 711 
eee 1,899 101 122 606 126 112 832 
ED 6 60456454405 1,842 145 105 632 113 117 730 
SE 246.044656068 2,171 155 95 854 111 135 821 
ee 2,522 107 96 1,016 127 126 1.050 
1989 ............ 2,639 127 79 1,026 147 144 1.116 
Payments 
re 139 6 13 6 44 2g 41 
1973 ............ 176 6 16 13 53 37 51 
1974 ............ 186 7 14 12 67 34 52 
1975 ............ 186 9 15 9 76 32 45 
1976 ............ 189 9 14 13 77 34 42 
Oy vctavecebeses 262 8 14 16 72 31 121 
ED 54454055 645 277 10 16 15 84 27 125 
a PF erere eres 309 16 17 15 93 40 128 
1980 ............ 297 18 31 20 96 61 71 
eee 289 13 30 37 99 43 67 
ae 292 10 22 31 94 35 100 
eee 318 10 29 53 90 35 101 
eee 359 11 32 63 85 59 109 
SE cab on ene aan 425 10 25 66 123 47 154 
ee 460 10 31 114 76 93 136 
See ee a 520 18 38 104 96 109 155 
1988 ............ 1,086 225 51 110 145 125 430 
1989 ............ 871 118 55 126 190 153 229 
Balance 
1972 ............ 516 32 29 234 19 27 175 
1973 ............ 536 26 27 260 22 26 175 
1974 ............ 565 31 32 237 4 44 217 
eae 571 29 32 210 3 49 248 
1976 ............ 633 36 43 233 -5 49 272 
Oe wa05 nace eset 775 34 34 259 10 61 377 
ee ee 903 51 31 328 9 92 392 
Pee ee 895 27 37 328 9 69 425 


(continued) 
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(page 2 of 2) 
All United West Other 
countries Canada France Japan Kingdom Germany countries 
. ont Millions of current dollars 

OD ie x64 605 Gee Os 1,008 50 113 383 17 84 361 
rear 1,201 56 103 386 20 58 578 
SN 6446 eeu es ss 1,377 61 97 471 28 70 650 
WD www ce cece 1,361 69 107 470 44 101 570 
GD os cee seuss ea 1,350 73 73 486 48 68 602 
eee 1,474 91 97 540 3 65 678 
ee 1,382 134 74 519 36 27 592 
OM 66% 454648004 1,648 137 57 750 14 27 663 
1988 ............ 1,436 -118 45 906 -18 1 484 
Se 24sec eeees 1,768 9 24 900 -43 -9 835 


NOTE: Data do not include transactions involving services. 
SOURCE: Bureau of Economic Analysis, unpublished tabulations. 
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Appendix table 6-11. 
Japanese purchases of technological know-how through new sales agreements with 


selected major countries: 1984-88 


United United West 
States Canada Kingdom Germany France Total 
Number of agreements 
1984 .............. 591 42 48 130 52 863 
ee 716 23 134 102 38 1,013 
1986 .............. 771 11 50 148 42 1,022 
1987 .............. 483 11 55 101 34 684 
1988 .............. 1,011 27 57 91 57 1,243 
Value of agreements (million yen) 

1984 .............. 23,660 295 2,123 1,631 603 28,312 
1985 .............. 23,837 456 2,149 1,856 858 29,156 
1986 .............. 24,210 161 1,283 2,955 1,125 29,734 
1987 .............. 29,049 285 1,527 1,911 15,132 47,904 
1988 .............. 32,893 756 1,101 1,866 7,046 43,662 


SOURCES: Management and Coordination Agency, Statistics Bureau, Government of Japan, unpublished statistics; updates provided by Division of 
international Programs, Tokyo Office, National Science Foundation. 
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Appendix table 6-12. 
Japanese sales of technological know-how through new sales agreements with selected 
major countries: 1984-88 


United United West 
States Canada Kingdom Germany France Total 
Number of agreements 
1984.............. 197 41 47 37 39 361 
MENS Scecesececeas 261 10 42 61 41 415 
1986 .............. 238 20 45 45 48 396 
Ge cc ccesccceses 244 7 50 60 53 414 
ec casccesseses 301 18 51 59 24 453 
Value of agreements (million yen) 

1984 ............ 12,092 646 1,971 467 1,681 16,857 
1986 ............ 7,235 176 1,767 6,693 1,346 17,217 
1986 ............ 8,018 311 1,667 2,175 1,126 13,297 
SE 23900066006 10,237 123 2,366 1,834 1,671 16,231 
GD ec ccsccesese 5,500 325 1,510 1,877 530 9,742 


SOURCES: Management and Coordination Agency, Statistics Bureau, Government of Japan, unpublished statistics; updates provided by Division of 
international Programs, Tokyo Office, National Science Foundation. 
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Appendix table 6-13. 
National R&D expenditures, by sector of performance and source of funds: 1975 and 1988 
West United United 
France Germany Japan Kingdom Sweden Italy States 
- —— Percentage distribution -—— aan 

SECTOR OF PERFORMANCE 

1975 
Total................... 100 100 100 100 100 100 100 
Government.............. 23 17 12 26 8 22 15 
Industry................. 60 63 57 62 69 56 69 
Higher education .......... 16 20 28 8 23 22 13 
Other’.................. 1 : 3 3 NA NA 4 

1988" 
Total................-.. 100 100 100 100 100 100 100 
Government.............. 24 13 9 15 4 22 14 
Industry................. 60 72 68 67 67 58 73 
Higher education .......... 15 14 19 14 29 20 10 
GE vc cc ccc cccecseees 1 NA 4 4 : NA 3 

Percentage change _ 
Government.............. +1 -4 -3 -11 -4 0 -1 
eee 0 +9 +11 +5 -2 +2 +4 
Higher education .......... -1 -6 -9 -6 +6 -2 - 
Other’... 2... ............ 0 . +1 +1 . NA 1 
Percentage distribution 

SOURCE OF FUNDS 

1975 
ee eee reer 100 100 100 100 100 100 100 
Government ............. 54 47 29 52 39 43 51 
Industry................. 39 50 55 41 57 51 45 
Higher education.......... 1 NA 15 1 1 2 
Other... 2.2... eee 6 2 1 7 3 5 2 

1988" 
Total................... 100 100 100 100 100 100 100 
Government ............. 51 36 20 39 38 54 46 
Swen sccsssccese 43 63 70 50 60 42 50 
Higher education.......... NA NA 9 * * NA 3 
ee 6 1 1 11 1 4 1 

Percentage change 

Government ............. -3 -11 -9 -13 -1 +11 -§ 
DEE We ee cccccccveces +4 +13 +15 +9 +3 -9 +5 
Higher education.......... -1 — -6 -1 1 -1 +1 
Es 6005 eens eeeene ese 0 -1 0 +4 2 -1 -1 


* = less than 0.5 percent; NA = not available; — = unknown 


NOTE: Percentages may not total 100 because of rounding. 


‘Private nonprofit institutions. 


2French and Japanese figures for 1988 are National Science Foundation (NSF) estimates; United Kingdom and Swedish data are for 1987. Italian figures 


are for 1986. 


3Private nonprofit institutions and funds from abroad. 

“French and Japanese figures for 1988 are NSF estimates; United Kingdom, Swedish, and Italian data are for 1987. 
SOURCES: NSF; Organisation for Economic Cooperation and Development; and national sources. 
See figures 6-10 and 6-11. 
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Appendix table 6-14. 
Percentage of national R&D financed by industry, by country: 1970-88 


West United United 
France Germany Japan Kingdom Sweden italy States 
1970 ...... 37 53 55 NA NA 51 40 
1971 ...... 37 52 55 NA 56 52 41 
1972 ...... 37 49 55 as NA 52 41 
1973 ...... 38 49 55 NA 54 49 43 
1974 ...... 38 48 55 NA NA 51 45 
1975 ..... 39 50 55 41 57 51 45 
1976 ...... 42 51 55 NA NA 50 45 
1977 ...... 41 53 56 NA 59 47 46 
ae 42 52 58 44 NA 50 47 
1979 ...... 43 55 59 NA 60 55 47 
1980 ...... 44 56 61 NA NA 52 49 
1981 ...... 41 56 62 41 57 50 50 
1982 ...... 42 57 64 NA NA 49 51 
1983... ... 42 59 65 42 59 45 50 
1984 ...... 41 59 67 NA NA 44 50 
1985 ...... 42 60 69 47 61 45 49 
1986 ...... 41 61 69 50 NA 40 48 
1987 ...... 42 63 69 50 60 42 48 
1988 ...... 43 63 70 NA NA 41 50 


NA = not available 


NOTES: Data for 1988 are national estimates; 1988 figure for France is a National Science Foundation 
(NSF) estimate. 


SOURCES: NSF; Organisation for Economic Cooperation and Development; and national sources. 
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Appendix table 6-15. 
industria! R&D expenditures, by source of funds: 1953-91 


Total R&D Federal Company 
Constant Constant Constant 

Current 1982 Current 1982 Current 1982 

dollars doilars- dollars dollars* dollars doliars: 

$$ Millions of dollars — — 
1953 ........ 3,630 14,021 1,430 5,523 2.200 8,497 
1954 ........ 4,070 15,475 1,750 6,654 2,320 8,821 
1955 ........ 4,640 17,090 2.180 8,029 2.460 9.061 
1956 ........ 6,605 23,530 3,328 11,856 3,277 11,674 
1957 ........ 7,731 26,585 4,335 14,907 3,396 11,678 
1958 ........ 8,389 28.274 4,759 16,040 3,630 12,235 
1959 ........ 9.618 31,597 5,635 18.512 3,983 13,085 
1960 ........ 10,509 33,955 6,081 19,648 4,428 14.307 
1961 ........ 10,908 34,917 6,240 19,974 4,668 14,942 
1962 ........ 11,464 35,892 6,434 20,144 5,029 15,745 
1963 ........ 12,630 38,981 7,270 22,438 5,360 16,543 
1964 ........ 13,512 41,032 7,720 23,444 5,792 17,589 
1965 ........ 14,185 41,992 7,740 22,913 6,445 19.079 
1966 ........ 15,548 44,474 8,332 23,833 7,216 20,641 
ee 16,385 45,590 8,365 23,275 8,020 22,315 
1968 ........ 17,429 46,194 8,560 22,688 8,869 23,506 
1969 ........ 18,308 46.023 8,451 21,244 9.857 24,779 
1970 ........ 18,067 42,986 7,779 18,508 10,288 24,478 
1971 ........ 18,320 41,280 7,666 17,274 10,654 24,006 
So. = 4.4-4:0.6-0 19,552 42,056 8.017 17,245 11,535 24,812 
1973 ........ 21,249 42,893 8,145 16,441 13,104 26,451 
CP cb kwkeees 22,887 42.415 8,220 15,234 14.667 27,181 
1975 ........ 24,187 40,781 8.605 14,509 15,582 26,272 
1976 ......... 26,997 42,805 9,561 15,159 17,436 27,645 
 , ee 29,825 44,330 10,485 15,584 19,340 28,746 
ere 33,304 46,115 11,189 15,493 22,115 30,622 
1979 ........ 38,226 48,652 12,518 15,932 25,708 32,720 
1980 ........ 44,505 51,919 14,029 16,366 30,476 35,553 
1981 ........ 51,810 55,140 16,382 17,435 35,428 37,705 
1982 ........ 58,650 58,650 18,545 18,545 40,105 40,105 
1983 ........ 65,268 62,842 20,680 19,911 44,588 42.931 
1984 ........ 74,800 69,433 23,396 21,717 51,404 47,716 
1985 ........ 84,239 75,925 27,196 24,512 57,043 51,413 
1986 ........ 87,823 77,160 27,891 24,504 59,932 52,655 
1987 ........ 92,155 78,477 30,752 26,188 61,403 52.289 
1988 ........ 97,889 80,680 32,306 26,627 65,583 54,953 
1989 ........ 101,599 80,436 31,366 24,833 70,233 55,604 
1990 (est.) ... . 104,800 79,629 31,800 24,162 73,000 55,467 
1991 (est.).... 109,150 79,434 33,000 24,016 76,150 55,418 


‘Company funds include funds for industrial R&D work performed within company facilities from all 
sources except the Federal Government. The sources of funds may comprise those from outside 
organizations such as research institutions, universities and colleges, other nonprofit organizations, other 
companies, and state governments, as well as companies’ own. Company-financed R&D not performed 


within the company is excluded. 


*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 


dollars. 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on 


Research and Development in Industry: 1989, NSF 91-302 (Washington, DC: NSF, 1991) 
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Appendix table 6-16. 
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89 
(page 1 of 3) 
Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
- Millions of current dollars 
ns pan eh ee eUe ERE OE CHO CEO ROS All 38.226 44505 51810 58650 65.268 74,800 84239 87.823 92,155 97,889 101,599 
High-technology manufacturing industries ............. 28,36,372.376.38 22.408 26.038 31536 35908 39.538 45.165 50216 49,976 55,163 58,340 59,722 
Other manufacturing industries ..................... OthermfgSiCs 14,278 16,652 18,368 20,270 22,393 24,730 27,309 30,401 29,148 31,436 33,604 
Nonmanufacturing industries...........-.....-...4-- 10-11,14-17,40- 1,540 1,815 1,906 2472 3,337 4905 6714 7446 7,844 8113 8,273 
42 44-51 53-54, 
56,60,62-63,72- 
73,78,806-07 87 
Distribution by manufacturing industry 
Chemicals and allied products ................... 28 4,038 4636 5,625 6.604 7,185 7,927 8540 8843 9,635 10,772 11,537 
industrial chemicals ...... 2.2... ee eee eee 281-82,.286 1,962 2,197 2,802 3,206 3,214 3.240 3498 3552 3,716 3,959 4,056 
Drugs and medicines .......... 2.2... -2 022 e eee 283 1,517 1,777 D D D D D 3,658 D 4,746 D 
Other chemicals... .. 2 eee 284-85 287-89 559 662 D D D D D 1,633 D 2,067 D 
Petroleum refining and extraction...........-....-.55-- 13,29 1,262 1,552 D D D D D D 1897 1,944 2,066 
Rubber products...... 2... 2. eee eee 30 577 656 D D D D D D D D D 
Stone, clay, and glass products .................-...-. 32 356 406 D D D D D 950 995 D D 
eee 33 634 728 878 987 1,085 D D D 730 663 768 
Fabricated metal products... . =... eee 34 455 550 624 625 701 842 829 895 783 829 788 
BD wcwccccccec ccc csececesereessceseeececs 35 4,825 5,901 6,818 8.078 9,027 10,504 12,216 D D D D 
Office, computing, and accounting machines ........... 357 3,214 3,962 D D D D D D D D D 
Other machinery, except electrical................... 351-56,358-59 1,611 1,939 D D D D D 2,396 2428 2,719 2,789 
Electrical equipment .... 2... eee 36 867,824 9175 10329 10923 12681 13,778 14432 14,980 15,848 16242 16,768 
Radio and TV receiving equipment ................. 365 245 556 D D D D D 133 139 139 85 
Communication equipment... .. 2... 6.6... ee ee eee ee 366 3,635 4024 4,758 5839 7,298 8.685 9397 9669 10,184 10296 10,508 
Electronic components... . ©. 6 6 ee 367 1,169 1,547 1,573 1,740 2,169 2,831 3,385 D 4286 4607 4,884 
Other electrical equipment ..... 2... 2.6... eee eee 361-64.369 2,775 3,048 D D D D D D 1239 1,200 1,291 
Transportation equipment ... 2... ee eee 37 12,709 14,315 8) D D D D 31,275 34.246 36.338 36,863 
Motor vehicles and motor vehicles equipment............ 371 4509 4955 4806 4797 5318 6,057 6,984 D D D D 
Other transportation equipment........... 2... 6.5455. 373-75,379 159 162 D D D D D D D D D 
Aircraft and missiles... . 2 2 6 0 eee 372,376 8,041 9198 11,968 14451 15406 18,858 22231 21,050 24458 25,900 25.654 
Professional and scientific instruments .................. 38 2,505 3,029 3,614 3,930 4,266 4602 5,013 5,103 5222 5426 5,763 
Scientific and mechanical measuring instruments ........ 381-82 950 1,352 D D D D D D D 1,734 1,868 
Optical, surgical, photographic, and other 
PED cc¢oceceepeceésecencessecesdseenes 383-87 1,555 1,677 D D D D D D D 3,692 3,895 
Distribution by size of company’ 
re re ee 1,764 2.065 2,305 2,934 4,422 4402 5866 7,071 7,163 S 7,446 
 < ee 2 i re ee 1439 1648 1902 1,725 1,656 1,718 
7 Fee er er 2,483 2,701 3,148 3,864 4,178 5520 6240 7472 7262 7,598 7,843 
Cnc cob acccsceceseereecseeseeeceereerereceseeseocceseces 1,691 2,028 2988 2,751 2,798 3251 4022 4,251 4,501 5236 5,475 
Li Fe i i i 5,191 6,017 6,762 7943 9499 11,351 11,109 10493 12,043 11,473 10,432 
Di. tie bese eeenceseebeseesbeheeercenpecoseesonteees 27,097 31,693 36,607 41,156 44,372 48,837 55,354 56,991 59.461 64.678 68,685 
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Appendix table 6-16. 

Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89 

(page 2 of 3) 

industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Millions of constant 1982 dollars’ 

i ina ms edness 06606 e' ees All 48.652 51,919 55140 58.650 62842 69433 75925 77.160 78.477 80.680 80.436 
High-technology manufacturing industries ............. 28,36,372,376,38 28520 30.276 33,563 35.908 38.069 41924 45.260 43,908 46.975 48.084 47.282 
Other manufacturing industries ..................... Othermfg SiCs 18.172 19426 19549 20270 21561 22956 24614 26.710 24822 25.910 26,604 
Nonmanufacturing industries....................... 10-11,14-17,40- 1,960 2.117 2029 2472 3.213 4553 6,051 6542 6,680 6.657 6,550 

4244-51 ,53-54, 
56,60,62-63,72- 
73,78,806-07 87 

Distribution by manufacturing industry 

Chemicals and allied products ........................ 28 5,139 5408 5,987 6.604 6918 7358 7697 7,769 8205 8878 9,134 
industrial chemicals ......................---.... 281-82,286 2497 2563 2,982 3.206 3,095 3,008 3,153 3,121 3,164 3263 3,211 
Drugs and medicines .........................02.. 283 1931 2,073 D D D D D 3,214 D 3,912 D 
Other chemicals......... 20.222 ee eee 284-85 287-89 711 772 D D D D D 1,435 D 1,704 D 

Petroleum refining and extraction...................... 13,29 1606 #£1,811 D D D D D D 1,615 1,602 1,636 

ch teense ccocereerectsereesece 30 734 765 D D D D D D D D D 

Stone, clay, and glass products ....................... 32 453 474 D D D D D 835 847 D D 

Cc cece weg eccbecceuccodeseesccocese 33 807 849 934 987 1,045 D D D 622 546 608 

Fabricated metal products........................... 34 579 642 664 625 675 782 747 786 667 683 624 

i nde ene eemeseeeneeeseeeceress 35 6,141 6884 7,256 8.078 8692 9,750 11,010 D D D D 
Office, computing, and accounting machines ........... 357 4091 4,622 D D D D D D D D D 
Other machinery, except electrical................... 351-56,358-59 2,050 2,262 D D D D D 2105 2,068 2,241 2,208 

Electricalequipment ...... 0.02 2 eee 36 9958 10,703 10993 10923 12210 12,789 13,008 13,161 13,496 13,387 13,275 
Radio and TV receiving equipment .................. 365 312 649 D D D D D 117 118 115 67 
Communication equipment........................ 366 4626 4694 5,064 5.839 7,027 8062 8470 8495 8672 8486 8,319 
Electronic components..... 0... ce ee 367 @61,488 1805 1674 1.740 2088 2628 3,051 D 3,650 3,797 3,867 
Other electrical equipment .................0....2... 361-64,369 3532 3,556 D D D D D D 1,055 989 1,022 

Transportation equipment ...... 2 2... ee eee 37 16,175 16,700 D D D D D 27.478 29.163 29.950 29.185 
Motor vehicles and motor vehicles equipment............ 371 5,739 5,780 5,115 4.797 5.120 5622 6295 D D D D 
Other transportation equipment..................... 373-75,379 202 189 D D D D D D D D D 
Aircraft and missiles..... 2. eee 372,376 10,234 10,730 12,737 14,451 14833 17,505 20037 18494 20828 21,347 20310 

Professional and scientific instruments .................. 38 «63,188 3534 3,846 3,930 4107 4272 4518 4483 4447 4472 4563 
Scientific and mechanical measuring instruments ....... . 381-82 1209 #£«+1,577 D D D D D D D 1429 1479 

Pe chivceeéecee vee reeretereeseeeces ss 383-87 1979 1,956 G D D D D D D 3,043 3,084 

Distribution by size of company’ 

EES 2.245 2409 2,453 2.934 4258 4,086 5287 6212 6.100 D 5,895 

errr tT Terr rr Tyrer rT rer TT eT rr TT TTT TTT ree 

EL ho 6 a0e.6e 0 OOG850b00 CeO CeRECE DESC CORE COE SE OS ODS ESOS 3,160 3,151 3,350 3,864 4023 5,124 5624 6565 6.184 6262 6,209 

LTT TTT TTT TTT TTT TY TTTTrererrrrrrrrrrreee 2,152 2,366 3,180 2.751 2694 3,018 3625 3,735 3833 4316 4,335 

(Contiriued) 
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Appendix table 6-16. 
Total expenditures for industrial R&D (financed by company, Federal, and other funds), by industry and size of company: 1979-89 


(page 3 of 3) 


02p 


Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Millions of constant 1982 dollars* 

10,000 -24,999....... 0... 0. eee 6,607 7,019 7,197 7,943 9146 10537 10,0013 9219 10,255 9456 8,259 

i cece we cee e reece cence eececeseeeeeeeceeses 34,488 36,973 38,960 41,156 42,723 45.333 49,891 50.071 50,635 53,308 54,378 


D = withheld to avoid disclosing operations of individual companies 

S = withheld because of imputation of more than 50 percent 

‘Distribution is based on number of employees. 

*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in Industry: 1989, NSF 91-302 (Washington, DC: NSF, 1991). 

See figure 6-13. Science & Engineering Indicators — 1991 
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Appendix table 6-17. 


Federal funds for industrial R&D performance, by industry and size of company: 1979-89 


(page 1 of 3) 
Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
— — Millions of current dollars 
ent eeeeeeercsrecerscereees All 12,518 14,029 16382 18545 20,680 23,396 27,196 27,891 30,752 32,306 31,366 
High-technology manufacturing industries ................ 28,36,372,276.38 9,988 11,317 13,506 15436 16,762 19417 22,364 20,727 24,380 25,566 25,069 
Other manufacturing industries...................... ; OthermfgSiCs 1,849 1933 2,018 2109 2665 2326 2519 4458 3,672 3,987 3,581 
Nonmanufacturing industries.......................4.. 10-11,14-17,40 681 779 858 1,000 1.253 1653 2,313 2,706 2,700 2,753 2,716 
42,44-51,53-54, 
56,60,62-63, 72- 
73,78,806-07 87 
Distribution by manufacturing industry 
Chemicals and allied products......................... 28 346 372 421 407 393 191 230 179 190 199 88 
Industrial chemicals.................... 000000005. 281-82,286 345 341 409 396 386 183 217 178 185 196 84 
Drugs and medicines.......................00005. 283 D D D D D D D 1 D 3 D 
Other chemicals ................ 0000000202202 uee 284-85 ,287-89 D D D D D D D 0 D 0 D 
Petroleum refining and extraction ...................... 13,29 153 151 D D D D D D 14 21 S 
Rubber products............... 2.0.0.2 c eee eee 30 D D D D D D D D D D D 
Stone, clay, and glass products ..................... 32 D D D D D D D g 10 D D 
a ace essence eeeeisesenseenes 33 95 135 176 276 384 D D D 19 21 34 
Fabricated metal products......................... 34 41 49 80 60 67 69 49 95 150 142 135 
iit wee ae ame eet bbad nes secetsssenes 35 335 647 694 851 1.116 1,192 1,495 D D D D 
Office, computing, & accounting machines.............. 357 256 D D D D D D D D D D 
Other machinery, except electrical................... 351-56,358-59 79 D D D D D D 75 44 98 106 
Electrical equipment. .,.............. 0.000 36 3,309 3,744 3920 4,241 4,523 4,741 5,161 5213 5399 5370 5,222 
Radio and TV receiving equipment................... 365 53 210 D D D D D 0 0 0 0 
Communication equipment ........................ 366 1,586 1657 1,783 2,284 2,798 3538 4,223 4,552 4,729 4,621 4,666 
Electronic components ............... 00000 367 D 382 361 398 359 477 559 D 656 728 522 
Other electrical equipment......................4.. 36 1-64,369 D = 1,495 D D D D D D 14 21 34 
Transportation equipment.................0.00 000005 37 D D D D D D D 17.708 20.784 22.176 21,763 
Motor vehicles and motor vehicles equipment........... 371 729 655 587 476 564 673 820 D D D D 
Other transportation equipment ..................... 373-75,379 D D D D D D D D D D D 
Aircraft and missiles .............0..0..0.0 0.00000 ee 372,376 5840 6628 8528 10,265 11,396 14,094 16582 14984 18519 19,877 19,634 
Professional and scientific instruments................... 38 493 573 637 523 450 391 391 351 272 120 125 
Scientific & mechanical measuring instruments .......... 381-82 203 350 D D D D D D D S S 
Optical, surgical, photographic, and other 
RE che SSTE RE CeCe Ere S eK eee teOReesaness 383-87 290 223 D D D D D D D 96 115 
Distribution by size of company ' 
G6 4's ch 646 66044 HD62OEES CORK ORN OED CO EHOOE Me keeteeO NEES 389 354 424 523 641 621 739 868 963 864 940 
ESTP ET STEEL ETTEETETCLT TUTTO T TTT LETTE TETTeeTeTerere D D D D D 98 117 137 115 139 105 
KT ETE ET CPE TELE TUTTE CTT TTT CCE TOTT TTT TTT 590 444 562 623 740 902 991 1,229 981 1,157 1,113 
ETE TE TETET ET CRETTT LOLI TT TETTETLIPeTTTrrrereee 228 432 619 527 718 487 672 796 748 914 813 
Ga ss obs 6c tSROCEE SCORER SDH OOE OO0R6004860080600050685 1,179 1,150 1,225 1495 2,271 2805 2,743 2,004 2,362 1,805 1,245 
STOTT STOLE TT TT TETETTTICTCTETTTTTTTTTereTTe 10,132 11,648 13,551 15377 16,311 18483 21,933 23,213 25,583 27,428 27,150 
(continued) 
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Appendix table 6-17. 
Federal funds for industrial R&D performance, by industry and size of company: 1979-89 
(page 2 of 3) S 
PO 
industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Millions of constant 1982 dollars: 
ee its nts nen ee ebERE 04090488 86888 All 15,932 16366 17,435 18545 19911 21,717 24512 24504 26,188 26,627 24,833 
High-technology manufacturing industries.............. 28,36,372,276,38 12,712 13,202 14,374 15436 16,139 18,024 20,157 18210 20,761 21,071 19,847 
Other manufacturing industries...................... Other mfg SiCs 2,353 2,255 2,148 2,109 2,566 2.159 2270 3,917 3,127 3,286 2,835 
Nonmanufacturing industries......................-- 10-11,14-17,40- 867 909 913 1,000 1,206 1534 2,085 2377 2,299 2,269 2,150 
42 44-51 ,53-54, 
56,60,62-63,72- 
73,78,806-07 ,87 
Distribution by manufacturing industry 
Chemicals and allied products......................-.. 28 440 434 448 407 378 177 207 157 162 164 70 
Weotiappiviad choeemieeis. . eee eee ee eee 281-82 ,286 439 398 435 396 372 170 196 156 158 162 67 
Drugs and medicines...................-2---2-0-. 283 D D D D D D D 1 D 2 D 
Other chemicals .....................-00002000-0- 284-85,287-89 D D D D D D D D D D D 
Petroleum refining and extraction ....................-. 13,29 195 176 D D D D D D 12 17 D 
ike come ce rt ecsterecessesesesee 30 D D D D D D D D D D D 
Stone, clay, and glass products..................... 32 D D D D D D D 8 9 D D 
Es ctmas pe ee eres oee ee enesesseeses 33 121 157 187 276 370 D D D 16 17 27 
Fabricated metal products....................-.... 34 52 57 85 60 65 64 44 83 128 117 107 
eee 35 426 755 739 851 1,075 1,106 1,347 D D D D 
Office, computing, and accounting machines. ........... 357 326 D D D D D D D D D D 
Other machinery, except electrical................... 351-56,358-59 101 D D D D D D 66 37 81 84 
Electrical equipment... .. 2... 2.2... eee 36 4,212 4,368 4,172 4,241 4355 4401 4652 4580 4598 4,426 4,134 
Radio and TV receiving equipment................... 365 67 245 D D D D D D D D D 
Communication equipment ..................52506- 366 2,019 1,933 1898 2284 2694 3,284 3806 3999 4027 3,809 3,694 
Electronic components .................0005000 eee 367 D 446 384 398 346 443 504 D 559 600 413 
Other electrical equipment......................0.. 361-64 ,369 D 1,744 D D D D D D 12 17 27 
Transportation equipment... .. 2.2... 2.0... 60. 37 D D D D D D D 15,558 17,699 18,277 17,230 
Motor vehicles and motor vehicles equipment........... 371 928 764 625 476 543 625 739 D D D D 
Other transportation equipment ..................... 373-75,379 D D D D D D D D D D D 
Aircraft and missiles .... 2... 0.0... ee eee 372,376 7,433 7,732 9,076 10,265 10,972 13,083 14,945 13,165 15,770 16,383 15,544 
Professional and scientific instruments................... 38 627 668 678 523 433 363 352 308 232 99 99 
Scientific and mechanical measuring instruments ........ 381-82 258 408 D D D D D D D D D g 
Optical, surgical, photographic, and other 
ET i's 6.6 Uh Gaeseeesecteceesesaceeecos 383-87 369 260 D D D D D D D 79 91 a 
-« 
> 
Distribution by size of company’ g 
0.0 hos COO ESSORCOREREEO REESE SEEM OES O ORE ES OESSEESES 495 413 451 523 617 576 666 763 820 712 744° 4 
ssp cg acserecccccccessstensccccvecceeseccvccssesssces D D D D D 91 105 120 98 115 83 7 
ee ee ire ee a 751 518 598 623 712 837 893 1.980 835 954 881 4 
TS cine 6 6 oe hERSEDEESESOEESSECSERS OEE CCOCEROOEES CRED OOS 290 504 659 527 691 452 606 699 637 753 644 S 
(continued) . 


Appendix table 6-17. 
Federal funds for industrial R&D performance, by industry and size of company: 1979-89 


(page 3 of 3) 

Industry and company size SiC code 1979 1980 1981 1982 1983 1984 1985 198 1987 1988 1989 
San Millions of constant 1982 dollars’ 

10,000 - 24,999 ............ 20.2000... 2 eee 1,501 1,342 1,304 1,495 2,187 2604 2472 1,761 2,011 1,488 986 

2B GOO OF MOTO... ccc ccc cece ccc eees 12,896 13,588 14422 15.377 15,705 17,157 19.768 20,394 21,786 22.606 21,495 


D = withheld to avoid disclosing operations of individual companies 

S = withheld because of imputation of more than 50 percent 

‘Distribution is based on number of employees. 

*See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in Industry. 1989, NSF 91-302 (Washington, DC : NSF, 1991). 

See figure 6-14. Science & Engineering Indicators — 1991 
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Appendix table 6-18. 


Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1979-89 


(page 1 of 3) 
industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Millions of current dollars - 

a deities coma 604s ¢ 486 O04 4% 6:0 d« nee R All 25,708 30,476 35428 40,105 44588 51,404 57,043 59932 61,403 65,583 70,233 
High-technology manufacturing industries. .......... 28,36,372,376,38 8,728 10457 12.827 14275 15984 18.012 19542 20585 21,338 22.201 23,204 
Other manufacturing industries................... OthermfgSiCs 16,121 18982 21,553 24,358 26520 30,140 33,100 34607 34,921 38,022 41,472 
Nonmanufacturing industries..................... 10-11,14-17,40- 859 1,037 1,048 1472 2,084 3.252 4401 4,740 5,144 5360 5,557 

42 44-51 ,53-54, 
56,60,62-63,72- 
73,78,806-07 87 

Distribution by manufacturing industry 

Chemicals and allied products...................... 28 3,692 4,264 5,205 6.197 6,792 7,736 8310 8664 9445 10,573 11,449 
industrial chemicals........................... 28 1-82,286 1,617 1,856 2,393 2.810 2,828 3,057 3,281 3374 3,531 3,763 3,972 
Drugs and medicines.......................... 283 D D 2,064 2.473 2,896 3.310 3,481 3,657 4,095 4,743 5,206 
Other chemicals ............................. 284-85 287-89 D 653 747 914 1,068 1,369 1548 1633 1819 2,067 2,271 

Petroleum refining and extraction ................... 13,29 1,109 1,401 1,780 2,003 2,074 2.245 2,194 1971 1,883 1,923 2,050 

Rubber products ............................2-.. 30 D D 598 617 638 671 659 655 596 635 679 

Stone, clay, and glass products..................... 32 D D 411 472 586 705 825 941 985 826 861 

ce eke eee sere cbeetneesesens 33 539 594 702 711 701 683 730 786 711 642 734 

Fabricated metal products ........................ 34 414 501 545 565 634 773 780 800 633 687 653 

ie ee en eee ceahdehksa pees seeceens 35 4,490 5,254 6,124 7,227 7,911 9.312 10,721 10,701 10577 11,992 13,216 
Office, computing, and accounting machines. ........ 357 2,958 D 3,847 4,944 5.634 7,011 8418 8380 8193 9,371 10,533 
Other machinery, except electrical................ 351-56,358-59 1,532 D 2,277 2,283 2,277 2,301 2,303 2321 2384 2621 2,683 

Electrical equipment.........................24.. 36 864,515 5,431 6,409 6,682 8,158 9.037 9271 9,767 10,449 10.872 11,546 
Radio and TV receiving equipment................ 365 192 346 358 364 324 362 350 133 139 139 85 
Communication equipment ..................... 366 2,049 2,367 2,975 3,555 4,500 5.147 5174 5117 5455 5675 5842 
Electronic components ........................ 367 D 1,165 1,212 1.342 1.810 2.354 2826 3357 3,630 3879 4,362 
Other electrical equipment...................... 36 1-64,369 D 1553 1864 1421 1524 11.174 921 1,160 1,225 1.179 1,257 

Transportation equipment......................... 37 D 6958 7,739 8621 8991 10406 12092 13567 13.462 14.162 15.100 
Motor vehicles and motor vehicles equipment 371 3,780 4300 4,219 4.321 4,754 5.384 6164 7.171 7,167 7,769 8.726 
Other transportation equipment .................. 373-75,379 D D 80 114 227 258 279 330 356 370 354 
Aircraft and missiles ......................00.. 372,376 2,201 2,570 3,440 4,186 4,010 4,764 5649 6066 5939 6,023 6,020 

Professional and scientific instruments................ 38 =: 2,012 2,456 2,978 3,407 3,816 4.211 4622 4,752 4950 5306 5,638 
Scientific and mechanical measuring instruments 381-82 747 1,001 1,235 1,363 1,605 1.671 1596 1521 1,598 1,710 1,858 
Optical, surgical, photographic, and other 

instruments .. 2... ee eee 383-87 1,265 1,454 1,743 2,044 2,211 2,540 3,026 3,231 3,352 3,596 3,780 

Distribution by size of company’ 

EE 6 66 65 6.46.00 6866 6.06 4.46-65 BR ONEKERGEDUSHA SEL SHEDS REDEES 1,375 1,711 1,880 2,411 3,781 3,781 5127 6203 6,200 S S 

Se a ea ee D D D D D 1,341 1,531 1,765 1.610 1.517 1,613 

6 5.6 bX b o-4 84 OH ORS4E Gh Oe EESE OO dee OSe OS OE Oda 8 O88 E9 1,893 2,257 2,586 3,241 3,438 4618 5249 6243 6281 6,441 6,730 

a on 4 oe aes Lb 6044 ONES CRESS ASEEEETCERERSECAUR SRE DSO OES 1,463 1,596 2,369 2,224 2,080 2,764 3,350 3455 3,753 4,322 4,662 

DS 5 8 5 60.5 EES Oe bb d4eEDAEE OSS OREOEOEED SOOO EDEL OEE PES 4,012 4,867 5,537 6,448 7,228 8.546 8366 8489 9681 9668 9,187 

Peer TT Tee ee TTT TTTTTererirerrrrrrrece 16,965 20,045 23,056 25,781 28,061 30,354 33,421 33,778 33,878 37,249 41,535 

(continued) 


vey 


sejqe| xipueddy ‘y xipueddy 


Appendix table 6-18. 
Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1979-89 
(page 2 of 3) 
industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
_—_—— Millions of constant 1982 dollars’ ———— 
ae All 32,720 35,553 37,705 40,105 42,931 47,716 51413 52,655 52289 54,053 55,604 
High-technology manufacturing industries........... 28,36,372,376,38 11,109 12,199 13,652 14,275 15390 16,720 17,613 18,086 18,171 18,298 18,371 
Other manufacturing industries................... Othermfg SiCs 20518 22,144 22938 24358 25.534 27,977 29833 30405 29.738 31,338 32,834 
Nonmanufacturing industries .................... 10-11,14-17,40- 1,093 1,210 1,115 1472 2,007 3,019 3,967 4,164 4380 4418 4,399 
4244-51 53-54, 
56,60,42-63,72- 
73,78,806-07 ,87 
Distribution by manufacturing industry 
Chemicals and allied products...................... 28 4,699 4,974 5,540 6.197 6,540 7,181 7490 7,612 8,043 8,714 9,064 
industrial chemicais.........................-.. 281-82,286 2,058 2.165 2,547 2,810 2,723 2.838 2957 2964 3,007 3,101 3,145 
Drugs and medicines........................4.. 283 D D 2,197 2,473 2,788 3,072 3,137 3,213 3,487 3,909 4,122 
Other chemicals.........................-.-.. 284-85 ,287-89 D 762 795 914 1,028 1271 1395 1435 1,549 1,704 1,798 
Petroleum refining and extraction ................... 13,29 1,411 1,634 1,894 2,003 1,997 2,084 1977 1,732 1,604 1,585 1,623 
Rubber products ......................2-.-..2--. 30 D D 636 617 614 623 594 575 508 523 538 
Stone, clay, and glass products..................... 32 D D 437 472 564 654 744 827 839 681 682 
i 33 686 693 747 711 675 634 658 691 605 529 581 
Fabricated metal products ........................ 34 527 584 580 565 610 718 703 703 539 566 517 
tne eae eeeheane ete eeeetereseses 35 5,715 6,129 6,518 7,227 7,617 8.644 9663 9402 9,007 9,884 10,463 
Office, computing, and accounting machines. ........ 357 = 3,765 D 4,094 4944 5425 6508 7,587 7,363 6977 7,724 8339 
Other machinery, except electrical................ 351-56,358-59 1,950 D 2,423 2,283 2,192 2.136 2,076 2,039 2,030 2,160 2,124 
Electrical equipment.....................2020024.. 36 5,746 6.336 6,821 6.682 7,855 8.389 8356 8581 8898 8961 9,141 
Radio and TV receiving equipment................ 365 244 404 381 364 312 336 315 117 118 115 67 
Communication equipment ..................... 366 2608 2,761 3166 3555 4333 4,778 4663 4,496 4645 4677 4625 
Electronic components .7...................... 367 D 1,359 1,290 1342 1,743 2185 2547 2949 3,091 3.197 3,453 
Other electrical equipment...................... 361-64 ,369 D 1812 1,984 1421 1467 1,090 830 1,019 1,043 972 995 
Transportation equipment....................000.. 37 D 8117 8236 8621 8657 9659 10899 11,920 11464 11,672 11,955 
Motor vehicles and motor vehicles equipment........ 371 4.811 5,016 4,490 4,321 4,577 4998 5556 6300 6103 6403 6.908 
Other transportation equipment .................. 373-75,379 D D 85 114 219 239 251 290 303 305 280 
Aircraft and missiles ...............0..0 020055. 372,376 2,801 2.998 3,661 4.186 3,861 4422 5091 5329 5057 4964 4,766 
Professional and scientific instruments................ 38 2,561 2,865 3,169 3,407 3,674 3,909 4166 4.175 4215 4373 4,464 
Scientific and mechanical measuring instruments .... . 381-82 951 1,168 1,314 1363 1,545 1551 1438 1336 1,361 1409 1471 
Optical, surgical, photographic, and other 
i -spt¢eneeeeeceesscccesesecoces 383-87 1,610 1696 1855 2044 2129 2358 2,727 2839 2,854 2,964 2,993 
Distribution by size of company’ 
Dk | 1,750 1996 2,001 2,411 3,640 3,510 4,621 5450 5,280 S S 
EET knste 0.0 0.0:6.6.0.60 66.0.0 0.00.0 006.606060660006006 0600065066008 6008 D D D D D 1.245 1380 1,551 1,371 1.250 1,277 
1000-4999... eee eee eee eee 2,409 2,633 2,752 3,241 3,310 4287 4,731 5485 5349 5309 5,328 
5,000 -9,999.. eee 1,862 1,862 2,521 2,224 2,003 2,566 3,019 3,035 3196 3,562 3,691 
(continued) 
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Appendix table 6-18. 
Company and other (except Federal) funds for industrial R&D performance, by industry and size of company: 1979-89 
(page 3 of 3) 


Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
the SSCS HENS E EOE NNGEE HE CEEOCOSe NORE EEEY NOES 5,106 5,678 5,893 6448 6,959 7933 7540 7458 8244 7968 7,273 
ih ene net COE ESY HS ORES OCC OURS CE TORS Se eESeeeNS 21,592 23,384 24538 25,781 27,018 28,176 30.123 29.677 28,850 30,701 32.883 


D = withheid to avoid disclosing operations of individual companies 
S = withheld because of imputation of more than 50 percent 


NOTE: Company funds inciude all funds for industrial R&D work performed within company facilities from all sources except the Federal Government. The sources of funds may compnse those from outside organizations 


such as research institutions, universities and colleges, other nonprofit organizations, other companies, and state governments, as well as compames own. Company-financed R&D not performed within the company is 
excluded. 


‘Distribution is based on number of employees. 

*See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 

SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in industry: 1989, NSF 91-302(Washington, DC NSF, 1991) 

See figure 6-14. Science & Engineering indicators - 1991 
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Appendix table 6-19. 
Share of R&D funding provided by the Federal Government in selected industries: 1979-89 
(page 1 of 2) 
Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
—_—_—_——————— Percent ——_——_—____—_- 
ee ecw escanrueeeearrververes All 32.7 31.5 31.6 31.6 31.7 31.3 32.3 31.8 33.4 33.0 30.9 
High-technology manufacturing industries ....... 28,36,372,276,38 446 43.5 42.8 43.0 42.4 43.0 445 41.5 44.2 43.8 42.0 
Other manufacturing industries............... Other mfg SICs 12.9 11.6 11.0 10.4 11.9 9.4 9.2 14.7 12.6 12.7 10.7 
Nonmanufacturing industries................. 10-11,14-17,40- 44.2 42.9 45.0 40.5 37.5 33.7 34.5 36.3 34.4 33.9 32.8 
4244-51 53-54, 
56,60,62-63,72- 
73,78,806-07 87 
Distribution by manufacturing industry 
Chemicals and allied products.................. 28 8.6 8.0 7.5 6.2 5.5 2.4 2.7 2.0 2.0 1.8 0.8 
industrial chemicals....................... 281-82,286 17.6 15.5 14.6 12.4 12.0 5.6 6.2 5.0 5.0 5.0 2.1 
Drugs and medicines...................... 283 D D D D D D D 0.0 D 0.1 D 
Other chemicals.......................... 284-85,287-89 D D D D D D D D D D D 
Petroleum refining and extraction................ 13,29 12.1 9.7 D D D D D D 0.7 1.1 D 
Rubber products..........................-.. 30 D D D D D D D D D D D 
Stone, clay, and glass products................. 32 D D D D D D D 0.9 1.0 D D 
Primary metals..................0.......04.. 33 15.0 18.5 20.0 28.0 35.4 D D D 2.6 3.2 4.4 
Fabricated metal products..................... 34 9.0 8.9 12.8 9.6 9.6 8.2 5.9 10.6 19.2 17.1 17.1 
Machinery .................00 00222 e ee eens 35 6.9 11.0 10.2 10.5 12.4 11.3 12.2 D D D D 
Office, computing, and accounting machines ..... 357 8.0 D D D D D D D D D D 
Other machinery, except electrical............. 351-56,358-59 4.9 D D D D D D 3.1 1.8 3.6 3.8 
Electrical equipment ......................0.. 36 42.3 40.8 38.0 38.8 35.7 34.4 35.8 34.8 34.1 33.1 31.1 
Radio and TV receiving equipment ............ 365 21.6 37.8 D D D D D D D D D 
Communication equipment.................. 366 43.6 41.2 37.5 39.1 38.3 40.7 449 47.1 46.4 449 44.4 
Electronic components..................... 367 D 24.7 22.9 22.9 16.6 16.8 16.5 D 15.3 15.8 10.7 
Other electrical equipment .................. 361-64,369 D 49.0 D D D D D D 1.1 1.8 2.6 
Transportation equipment ..................... 37 D D D D D D D 56.6 60.7 61.0 59.0 
Motor vehicles and motor vehicles equipment... . . 371 16.2 13.2 12.2 9.9 10.6 11.1 11.7 D D D D 
Other transportation equipment............... 373-75,379 D D D D D D D D D D D 
Aircraft and missiles....................... 372,376 72.6 72.1 71.3 71.0 74.0 74.7 74.6 71.2 75.7 76.7 76.5 
Professional and scientific instruments............ 38 19.7 18.9 17.6 13.3 10.5 8.5 7.8 6.9 5.2 2.2 2.2 
Scientific & mechanical measuring instruments. . 381-82 21.4 25.9 D D D D D D D D D 
Optical, surgical, photographic, and other 
Enso 6 5 6.0-066.00-00060504000600806 383-87 18.6 13.3 D D D D D D D 2.6 3.0 
(continued) 
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table 6-19. 


Share of R&D funding provided by the Federal Government in selected industries: 1979-89 


(page 2 of 2) 

Industry and company size SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
— Percent soneneenenn —_ 

Distribution by size of company’ 

Less than 500 .. 0... eee eee eee ees 22.1 17.1 18.4 17.8 14.5 14.1 12.6 12.3 13.4 D 12.6 

Perce cc eee cee c cece cece e eee eccceecceseseeeeececes D D D D D 6.8 7.1 7.2 6.7 8.4 6.1 

1,000-4,999 0... eee eee tenes 23.8 16.4 17.9 16.1 17.7 16.3 15.9 16.4 13.5 15.2 14.2 

0 a 13.5 21.3 20.7 19.2 25.7 15.0 16.7 18.7 16.6 17.5 14.8 

10,000 - 24,999... 0.0 eee eens 22.7 19.1 18.1 18.8 23.9 24.7 24.7 19.1 19.6 15.7 11.9 

a nics ig ob e-oe¥ 0640s 4400 eo bee ee hese ee eseeeseasess 37.4 36.8 37.0 37.4 36.8 37.8 39.6 40.7 43.0 42.4 39.5 


D = withheld to avoid disclosing operations of individual companies 
‘Distribution is based on number of employees. 


SOURCE: Science Resources Studies Division, National Science Foundation, Selected Data on Research and Development in Industry: 1989, NSF 91-302 (Washington, DC : NSF, 1991). 


See figure 6-15. 
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Appendix table 6-20. 
Company-financed R&D performed outside the United States by U.S. domestic companies and their foreign subsidiaries: 1979-89 


SIC code 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
onenaaoenammemamneny Percent 

ALL INDUSTRIES. ....................2.00.- All 9.7 9.4 8.7 7.2 6.8 6.6 6.0 7.2 7.8 8.8 8.5 
Chemicals and allied products.................. 28 11.9 12.4 12.1 9.9 9.7 9.2 9.2 11.0 11.6 12.4 10.1 
Drugs and medicines...................... 283 D D 17.2 12.8 11.1 10.8 10.3 11.9 13.1 13.2 13.5 
Stone, clay, and glass products................. 32 D D 42 2.1 3.1 7.8 D D D D D 
Primary metals... ..............22-.00-020005. 33 2.0 1.8 1.3 1.3 1.4 1.3 D D 2.5 3.6 3.0 
Fabricated metal products..................... 34 D D 5.2 4.2 3.5 2.6 2.6 3.1 5.9 D D 
Gide poe 64464 45 48 OE 8K HO RSs 35 10.6 10.2 9.1 6.4 6.8 7.4 6.0 8.2 10.4 10.2 9.9 
Electrical equipment ......................... 36 9.0 7.7 6.9 6.5 5.6 5.6 6.0 S 4.0 5.8 5.1 
Communication equipment.................. 366 D D D D D D D D 3.3 5.6 45 
Electronic components..................... 367 D 2.4 3.2 2.8 0.0 3.8 4.0 43 5.3 6.7 5.3 
Transportation equipment ..................... 37 D 12.8 10.3 8.9 8.9 8.0 7.8 D D 11.3 12.2 
Aircraft and missiles....................... 372,376 D D D D D D D 2.9 3.8 5.2 9.2 
Professional and scientific instruments ............ 38 7.2 7.0 7.2 6.5 D 5.9 3.5 4.3 6.0 6.9 7.3 
Nonmanufacturing ..................2.00005- 10-11,14-17,40- 0.6 0.7 0.8 0.5 0.5 0.2 0.4 0.6 1.2 1.7 1.6 

42,44-51,53-54, 

56,60,62-63, 72- 

73,78,806-07 87 


D = withheld to avoid disclosing operations of individual companies 

S = withheld because of imputation of more than 50 percent 

SOURCE: Science Resources Sciences Division, National Science Foundation, Selected Data on Research and Development in Industry: 1989, NSF 91-302 (Washington, DC: NSF, 1991). 

See figure 6-16. Science & Engineering Indicators - 1991 
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Appendix table 6-21. 
U.S. patents granted, by nationality of inventor and year of grant: 1962-90 
Total 1963-76 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

6 6446644400 4464004054 1,902,916 924876 65263 66,098 48.850 61,810 65,766 57,882 56855 67,186 71,649 70,778 82,860 77,799 95,262 89,982 

re 1,227,516 674,289 41,480 41,251 30,076 37,351 39,221 33,891 32,867 38,354 39549 38,078 43,462 40.416 50,036 47,195 
U.S. corporations owned...... 882,489 486,886 29.561 29.418 21,143 25,963 27,621 24,081 24,037 27.997 28943 27.305 31,267 29,267 35,717 33,283 
U.S. Government owned...... 38,244 23,268 1,484 1,233 961 1,232 1,116 1,003 1,044 1.229 1,125 1,013 973 728 865 970 
U.S. individuals owned ....... 300,270 161,580 10249 10399 7,803 9939 10240 8538 7558 8881 9245 9453 10853 10,066 12989 12,477 
Foreign owned............. 6,513 2,555 186 201 169 217 244 269 228 247 236 307 369 355 465 465 

Foreign origin ................ 675,400 250,587 23,783 24,847 18,774 24459 26545 23,991 23,988 28.832 32,100 32,700 39,398 37,383 45,226 42,787 
U.S.owned ............... 53,798 25,013 1,968 1962 1,364 1694 1839 1,715 1658 2029 2268 2166 2442 2146 2848 2,686 
Foreign owned............. 621,602 225.574 21,815 22,885 17,410 22,765 24,706 22.276 22,330 26,803 29.832 30,534 36956 35,237 42,378 40,101 
Foreign corporations......... 512,515 175,152 17,880 18,873 14,446 18,662 20546 18587 19,020 22988 25,716 26,223 31,977 30,575 36,937 34,933 
Foreign governments ........ 7,667 2,553 215 249 186 253 249 369 336 438 482 477 551 453 443 413 
Foreign individuals .......... 101,420 47,869 3,720 3,763 2,778 3,850 3,911 3320 2974 3,377 3,634 3,834 4428 4209 4998 4,755 

Foreign origin ................ 675.400 250,587 23,783 24,847 18,774 24459 26545 23,991 23,988 28.832 32,100 32,700 39,398 37,383 45,226 42,787 
European Community........ 337,183 149,763 12,316 12,646 9538 12,198 12,934 11,346 10937 12,729 13,826 13,877 16,246 15,080 17,684 16,063 
Se 203,580 43,481 6217 6910 5,250 7,124 8387 8149 8792 11,109 12,743 13,198 16539 16,137 20,100 19,444 
West Germany............. 152,706 63,310 5,537 5,850 4,527 5,745 6250 5408 5423 6254 6665 6795 7815 7,300 8,286 7,541 
United Kingdom ............ 73,534 38,901 2,654 2,722 1,910 2406 2475 2,134 1,931 2.271 2495 2408 2,777 2,581 3,091 2,778 
ee 57,500 25,094 2,108 2.119 1,604 2,088 2,181 1975 1895 2162 2398 2365 2868 2655 3,134 2,854 
Switzerland ............... 32,935 14,679 1,219 1,226 862 1,081 1,135 990 =©1,000 1.206 1,340 1,311 1,593 1,488 1S.7 1,848 
Canada.................. 32,628 15,388 1,346 1330 1,025 1,265 1,239 1,147 1,017 1.174 1233 1,208 1,373 1,244 1.358 1,281 
Sweden.................. 20,835 8,179 756 725 596 805 883 752 625 794 919 995 1,183 1,075 1,291 1,257 
re ee 20,422 9,500 862 826 573 822 766 685 623 701 857 883 948 776 834 766 
The Netherlands............ 18,283 7,902 708 659 525 654 641 618 626 726 766 721 921 805 1,060 951 
Beigium.................. 6,869 3,242 255 264 185 244 263 224 205 240 240 242 294 302 357 312 
0 ee ee 6,580 3,128 394 412 354 460 373 209 222 214 147 116 121 96 160 174 
Hungary.................. 1,909 505 80 66 63 87 98 112 106 111 108 131 127 94 129 92 
EastGermany ............. 690 53 26 24 19 35 52 59 54 68 53 53 34 46 50 34 
Taiwan. ............22.0.. 3,072 52 52 29 38 65 80 88 65 98 174 208 343 457 592 731 
South Korea............... 807 51 5 12 4 8 15 14 26 29 38 45 84 95 157 224 
Hong Kong................ 527 139 a 21 13 27 33 18 14 24 25 30 34 41 47 52 


SOURCE: Patent and Trademark Office, Patenting Trends in the United States, 1963-1989 (Washington, DC: August 1990). 
See figures 6-17, 6-18, and 6-19, and figure O-21 in Overview. 
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Appendix table 6-22. 


U.S. patents granted, by nationality of inventor and year of application: 1963-90 


1987 1988 1989 1990 
Total 1963-75 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 (est) (est) (est) (est) 

SGA es a ceerres sees 1,938,213 970,998 65,770 65.938 65,567 65,658 66.410 63,755 64.787 61,164 66,254 69,796 71,859 75.825 80,009 84424 89,083 
 ictwne ereme es 1,235,891 702,113 41,615 40,811 39,618 38,951 38,887 36,720 36,434 34,252 35,778 36,719 37,017 37,987 38,983 40,005 41,054 
U.S. corporations owned 889,561 507.214 29,130 28504 27,721 27,320 27,624 26,740 27,018 25.336 26,155 26,806 26,754 27,244 27,743 28,251 28,769 
U.S. Government owned 37,849 24520 1,347 1,181 1,203 1,089 1,140 1,173 1,203 986 913 833 676 596 526 463 409 
U.S. individuals owned 302,391 167,706 10,943 10,901 10464 10281 9845 8553 7,962 7,680 8418 8780 9273 9874 10,515 11,196 11,922 
Foreign owned......... 6,622 2,673 195 225 230 261 278 254 251 250 292 300 314 339 366 394 426 
Foreign origin........... 702,323 268,885 24,155 25,127 25,949 26,707 27,523 27,035 28,353 26,912 30,476 33,077 34,842 37.837 41,026 44,419 48,029 
U.S. owned ........... 54,409 26.461 1830 1,862 1,847 1861 1986 1878 2013 1953 2067 2,050 2082 2.127 2,173 2,220 2,267 
Foreign owned......... 649,291 242.424 22.325 23,265 24,102 24846 25,537 25,157 26,340 24959 28.409 31,027 32,760 35.869 39,272 42,999 47,080 
Foreign corporations 536,895 189.140 18232 19,135 19,801 20468 21,447 21.424 22845 21,564 24448 27.023 28444 31,194 34,211 37519 41,147 
Foreign governments 8,070 2,728 238 265 283 270 411 384 428 407 456 425 431 439 448 456 465 
Foreign individuals. 104,374 50,556 3,855 3865 4,018 4108 3679 3349 3,067 2988 3505 3579 3885 4240 4628 5051 5,513 
Foreign origin........... 702,323 268,885 24.155 25,127 25,949 26,707 27,523 27,035 28,353 26,912 30.476 33,077 34,842 37,837 41,026 44419 48,029 
European Community 349,096 159.469 12,242 12,685 13,041 12,922 12,933 12,195 12,295 11,551 12,982 13,611 14,201 15.213 16.297 17,459 18,703 
ee 216,252 48,271 6576 7,078 7,475 68414 9557 10,009 11,300 10,734 12316 14,099 14856 16556 18,450 20561 22,913 
West Germany......... 159,135 67,655 5,572 5,969 6190 6135 6176 6050 5983 5473 6208 6694 6889 7.438 8031 8671 9,363 
United Kingdom ........ 74,767 41,056 2620 2636 2524 2497 2371 2197 2,203 2143 2336 2354 2347 2419 2494 2570 2,650 
France........... 59,450 26,726 2,128 2,099 2,272 2,223 2301 2072 2,125 2,068 2,224 2317 2481 2636 2801 2976 3,163 
Switzerland........... 33,678 16460 1,321 1,319 1,358 1236 1,261 1,131 1,121 1,040 1,131 1,130 1,201 1,260 1,322 1,387 1,455 
Ps sscesevessees 33,285 15,387 1,206 1,228 1,172 1,210 1,124 1,157 1,107 1,088 1284 1,281 1351 1452 1,561 1,678 1,803 
Sweden.............. 20,858 10,133 856 843 805 824 748 689 671 739 804 778 741 742 742 743 744 
rr 22,196 8,736 747 766 808 918 856 715 798 722 939 932 1,069 1218 1,389 1583 1,804 
The Netherlands........ 18,635 8,444 655 704 709 649 717 670 702 642 715 747 755 797 841 888 937 
Belgium.............. 7,268 3,479 241 230 267 239 246 231 213 214 238 253 298 333 372 415 463 
MEnekccecesscecees 6,521 3,427 427 449 466 367 246 251 182 115 95 94 105 102 99 96 93 
DD Reepecscceces 1,969 576 77 84 _ 103 123 122 112 105 116 104 97 94 92 90 87 
East Germany......... 784 77 19 33 30 60 63 67 62 38 56 48 50 55 60 66 72 
Ferre 3,750 81 ad 36 68 85 99 65 118 116 158 250 349 504 727 1,050 1,516 
South Korea........... 801 56 8 8 8 17 17 22 36 37 33 69 80 103 134 173 224 
TPP aa 574 147 13 28 27 21 28 14 24 22 22 24 38 46 55 66 79 


SOURCE: Patent and Trademark Office. 


See figures 6-17 and 6-19. 


Patenting Trends in the United States, 1963-1989 (Washington, DC: August 1990). 
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432 Appendix A. Appendix Tables 
Appendix table 6-23. 
Patent classes most and least emphasized by U.S. corporations patenting in the United States: 1980 and 1989 
Class Activity index 
Patent class number 1980 1989 
Most emphasized classes 
Mineral oils: processes and products.........................---..-----..--. 208 1.775 1.919 
Chemistry, hydrocarbons ...................22. 0.022 eee ee eee 585 1.748 1.896 
ier ae oe Eee eE eee eee eee terse eee eEecceeoevess 166 1.692 1.857 
Chemistry, lignins or reaction products thereof...........................-.-.. 530 1.181 1.604 
Catalyst, solid sorbent, or support therefor, product............................ 502 1.520 1.539 
Communications, electrical: Acoustic wave system and devices................... 367 0.911 1.485 
Communication, directive radio wave systems & devices........................ 342 0.991 1.482 
Chemistry: Analytical and immunological testing........................-..2... 436 1.432 1.469 
Part of the class 520 series—synth. resins or naturalrubber..................... 525 1.364 1.468 
ED 6 5 6 vc CUO SKS OCS ES EO H EE O06 0% FENd tO HORE N SKE OEEOS 439 1.623 1.455 
Chemistry: Molecular biology and microbiology........................22.2-... 435 1.090 1.438 
Induced nuclear reaction, systems and elements ............................. 376 0.910 1.374 
Chemistry, electrical current producing apparatus, prod. & proc. .................. 429 1.300 1.372 
Semiconductor device manufacturing: Process......................-.....-.. 437 1.554 1.342 
Electricity, conductors and insulators.......... 2.2.2... 02. eee 174 1.295 1.335 
Error detection/correction and fault detection/recovery ......................... 371 1.318 1.326 
Drug, bio-affecting and body treating compositions............................ 424 0.920 1.324 
Part of the class 520 series—synth. resins or natural rubber. .................... 521 1.217 1.322 
NE 330 1.231 1.321 
Part of the class 520 series—synth. resins or natural rubber. .................... 524 1.291 1.293 
Least emphasized classes 
Fishing, trapping and vermin destroying.......................000202200... 43 0.328 0.360 
Dynamic information storage or retrieval ............0.0.0.0000000 00000000. 369 0.760 0.368 
Baths, closets, sinks and spitloons .... 2... ee ee 4 0.617 0.467 
Fluid: Pressure brake and analogous systems ..................0.. 00005 c eee 303 0.619 0.481 
6-00 666.00 60 0046 60.0 tS bb aS ONERREE SE TEOLNwOOCGhEECCRS OM 354 0.526 0.484 
Photocopying ©. 66 eee eee eee eee 355 0.932 0.487 
iat ho 06 66008.0666. 0606060606 sCC Oe OREO C EEO eDOCS eoeensoNDS 114 0.514 0.497 
Land vehicles 20 ee eee 280 0.555 0.508 
Amusement devices, games... eee eee 273 0.436 0.509 
Motor vehicles... 0. eee ee eee tees 180 0.794 0.515 
internal-combustion engines... eee eee eee eee 123 0.491 0.555 
Amusement and exercising devices... eee ee 272 0.312 0.568 
Package and article carriers 6 ee eee nee 224 0.333 0.583 
— eye examining, vision testing and correcting..............0 000000000005. 351 0.952 0.606 
PVRS PTET ETT TT OTT TREE TUTTE CTT CTT LTT Tee Tee Te 5 0.631 0.611 
er eee tee ee eee 119 0.582 0.614 
Pictorial communication; television ©... eee eee 358 0.962 0.619 
Endless belt power transmission systems and components...................... 474 0.766 0.625 
_ IGS 400 1.145 0.626 
Bleaching and dyeing; Fluid treatment and chem. modification.................... 8 0.612 0.629 


NOTES: The activity index is the percentage of the patents in a class that are granted to U.S. inventors, divided by the percentage of all patents that have U.S 


inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989. 
SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office, “Country Activity index Report, Corporate Patenting 1989,” report prepared 


for the National Science Foundation (Washington, DC: October 1990). 
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Appendix table 6-24. 

Patent classes most and least emphasized by Japanese inventors patenting in the United States: 1980 and 1989 
Patent class number 1980 1989 
Most emphasized classes 

i hed 6 6 See HH KCC H EEC OES TEL OCENES SER OeS FECES OY OCaEO COWS 355 2.776 3.581 
iene na eye 40s CeCe eRe CeCe eT HUE OS Er ESS eeeCeeeees 354 4.606 3.324 
Dynamic information storage or retrieval........................22-----2------- 369 3.372 3.320 
Dynamic magnetic information storage or retrieval.....................-...-..---. 360 3.235 2.966 
Radiation imagery chemistry—process, composition or products...................... 430 3.332 2.760 
Pictoral communication; television ....... 2.222. ee eee eee 358 2.587 2.744 
vc cca meme eececcececcoeeeeereseesvercccesecececous 400 1.388 2.622 
Static information storage and retrieval................ 2.0.0... 220220022 ee eee ee 365 1.236 2.458 
FS re ee 346 2.170 2.406 
EE ie «ons % 64 64.6 0.455.696 4 +O.0b 6404 Os O40 FNS eS On +e CeCe SOOT SeS 180 1.091 2.246 
te aan 6 60606666 b sche eh eee eee een oenenreseesesonseses 382 2.082 2.059 
internal-combustion engines .. 2... eee eee eee 123 3.106 1.941 
Active solid state devices, e.g., transistors, solid st. diodes. ..................0.004.. 357 2.061 1.939 
SE, 235 1.122 1.749 
Coherent light generators .. eee ee ee ee eee 372 0.349 1.737 
Compositions: Ceramic... 2. eee eee eee eens 501 2.297 1.698 
ene mae neosoreceveesecescsececeseeeséreeeseseneesees 148 2.568 1.690 
Electricity, motive power systems... .. ee eee eee 318 1.746 1.675 
Clutches and power-stop control... ee eee 192 1.614 1.671 
Endiess belt power transmission systems and components .......................4.. 474 2.255 1.645 
Least emphasized classes 

atten nies ee O.0 6.60.0 00.666 0666 0.0060.0000000008000000 0666000088 166 0.000 0.000 
Boring or penetrating the earth... eee eee 175 0.064 0.000 
Ws ww e's 6.6:606066 00066-6066 08 6.0066 050060800600000800 400400008568 2 0.062 0.035 
Pcp eeceet reece ge seeroccececscescseceweeecescoenceseeesecnsa 244 0.096 0.035 
Amusement and exercising devices .. ee eee 272 0.193 0.087 
Ammunition and explosives... eee eee eens 102 0.063 0.088 
LS + ¢ceceeeeerescgencesecesseeetes cebeecesesneeseneeesece 119 0.228 0.093 
RE hTO¢ 9 Oe 66:060.0066 eee econ ereneneeoesseceteceeségeceeescbetoes 70 0.146 0.112 
EE OT Tere eT Tree err Teer er TT TT eee TTT TTT TTT rrr Tr rrr Terre 114 0.382 0.118 
Baths, closets, sinks and spittoons.... 2... eee 4 0.053 0.137 
Card, picture and sign exhibiting... . 2... cece, 40 0.239 0.141 
Package and article carriers... cee eee 224 0.000 0.144 
DPD trepeceseelebeee se eneeccececeeeneeececeentesesecsceseeeoeenece 81 0.238 0.147 
SPE CTT TTELT ETT ET TEEPE TET E TT TTET err rTrrrrerererrrrrrT Tree 5 0.115 0.165 
Static structures, @.g., buildings © 6 ee een 52 0.091 0.169 
EE ah ein no 66 e ms 60 0,6066.6066.0.06.0 066 On Ces REE OSE E ESCO CedE REESE 215 0.378 0.169 
Fishing, trapping and vermin destroying .. 0.0 eee eee 43 0.347 0.191 
Prothesis (i.e., artificial body members), parts or aids... ee 623 0.446 0.206 
Mineral oils: Processes and products ... ee ees 208 0.505 0.249 
Chemistry: Analytical and immunological testing... . 2. 6. ee eee 436 0.587 0.250 


NOTES: The activity index is the percentage of the patents in a class that are granted to Japanese inventors, divided by the percentage of all patents that have 
Japanese inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989. 


SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report, Corporate Patenting 1989,” report prepared 


for the National Science Foundation (Washington, DC: October 1990). 
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Appendix table 6-25. 
Patent classes most and least emphasized by West German inventors patenting in the United States: 1980 and 1989 
Class Activity index 

Patent class number 1980 1989 
Most emphasized classes 

Fluid-pressure brake and analogous sysiems............ 2... ee ee eee 303 2.329 4.655 
Bleaching and dyeing; Fluid treatment and chem. modification....................... 8 3.510 2.919 
a cnet c ee mmeeccce reer eeeeeeeeceeeeeeeoes 102 1.248 2.895 
Part of the class 532-570 series—organic compounds............ 2.2... 22-2225 euee 544 1.455 2.802 
de cihied netinieds 6000s eee cess te restsbeuseercesseveceeneessye 101 2.068 2.660 
Part of the class 532-570 series—organic compounds........... 2.2.2... 622522 00ee 560 1.485 2.582 
re 384 2.648 2.507 
X-ray or gamma ray systems or devices... = eee 378 2.783 2.391 
Solid material comminution or disintegration... .... =... eee 241 1.460 2.248 
Part of the class 532-570 series—organic compounds.......... 2.2... ee ee eee 568 1.877 2.222 
Spring devices... eee eee 267 1.254 2.183 
I i ni erin seni ee enn 666004644 b 06 dete beeeeees 71 1.156 2.176 
Part of the class 520 series—synth. resins or natural rubber ....................244. 526 1.269 2.144 
itn nnn caren i getiiietiscccersceseecoecesesesees 65 0.793 2.105 
Part of the class 520 series—synth. resins or natural rubber ................2.00.44.. 528 2.043 2.030 
Part of the class 532-570 series—organic compounds....... 2... eee 548 1.202 2.019 
i nn cccoccbedmbbbbbbecececcceeccovcceeececeoeeees 72 1.391 1.908 
Part of the class 532-570 series—organic compounds....... 2... 6. eee 546 1.919 1.879 
Part of the class 520 series—synth. resins or natural rubber ..................0.005.4. 521 2.263 1.836 
induced nuclear reaction, systems and elements ....... 0.026. eee 376 1.902 1.817 
Least emphasized classes 

Amusement devices, GAMES. eee nee 273 0.150 0.018 
Fishing, trapping and vermin destroying... ee 43 0.000 0.032 
DE nwtbbad oo ee SSe ees ecceceeerenssrccesesoecesedeecececneosccceses 5 0.076 0.054 
EE eT TT eee TT TTT TTTTTT TTT TrTrrrrrereerrTrrreree 166 0.096 0.089 
Amusement and exercising devices... ene 272 4.170 0.115 
ATT T TTT TTT PTT rTerrrrrreerrrerrrrrrrreree 355 1.126 0.116 
Amusement devices, fOyS eee eee 446 0.208 0.120 
eth heopedessosccesecicccnnseccesocseseeveesscaseccesen 119 0.181 0.123 
Package and article Carriers eee ene 224 0.575 0.127 
SY EPP TTT Trrrrrrrrrerrrrerrrrrrrrrrrrereerrerree ee 2 0.328 0.231 
a ktiees eehene Ghee cewEeeeoryessoccesiecesecescerncvesesée.s 382 0.499 0.239 
Communications, directive radio wave systems and devices ....... 2... ce 342 0.546 0.263 
IN errr rr errr rrr rTrrrrrrrrrrrrrrirerre rrr reerrire 114 0.360 0.266 
EE errr rrr Tr rrr rrr rrr rrr rr rrr rrr rr 346 0.911 0.284 
Mineral oils: Processes and products... eens 208 0.374 0.288 
hike thst Mea eee recess soboccesecrecnoeescoeeerccecocovcecsees 604 0.348 0.312 
i, ccrcveeseeebeosccetccececsccceseccccesceses 40 0.189 0.319 
Dynamic magnetic information storage or retrieval 6... 6 eee 360 0.660 0.319 
Coded data generation OF COMVETSION. ee eens 341 0.793 0.324 
AS PT Pe Ey TTT TT TTTTTTT TTT TTrTry 126 0.343 0.327 


NOTES: The activity index is the percentage of the patents in a class that are granted to West German inventors. divided by the percentage of all patents that have 
West German inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989 

SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office, “Country Activity index Report, Corporate Patenting 1989." report prepared for 
the Nationa! Science Foundation (Washington, OC: October 1990). 
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Appendix table 6-26. 
Patent classes most and least emphasized by French inventors patenting in the United States: 1980 and 1989 

Class Activity index 
Patent class number 1980 1989 
Most emphasized classes 
Bleaching and dyeing: Fluid treatment and chem. modification....................... 8 2.195 4.794 
induced nuclear reaction, systems andelements .....................-.-2.52-... 376 1.621 3.239 
I cc cnwowecee cee eceeeecccelceccccceccc cc ccccccccececcecees 267 0.935 3.122 
Boring or penetrating the earth .................0 2000 ee eee 175 1.520 3.107 
Communication, electrical: Acoustic wave systems and devices...................... 367 1.389 2.914 
Glass manufacturing... .. eee eee 65 1.520 2.479 
Part of the class 532-570 series—organic compounds.....................-2.....-.. 568 1.264 2.469 
Land vehicles... eee ee eens 280 1.159 2413 
a 188 2.379 2.304 
Part of the class 520 series—synth. resins or natural rubber ........................ 526 1.548 2.284 
Part of the class 532-570 series—organic compounds........ 0.2... 20.02.0002 0 0 eee 562 1.242 2.281 
Multiplex communication... =. 6 eee 370 1.949 2.273 
EE 285 1.243 2.200 
Electricity, circuit makers anc breakers.......... 2.22. ee eee 200 0.646 2.049 
ED «00.0 ow eH 0.060.066.00500600.0.000664 C8S6UCN EOC SESS 6ENHOECOe 164 2.473 2.026 
«0 ondiinns 0 6 6 0 Kahn 66 60beo 00s 600006 6605 e06ebseseees 53 1.242 2.012 
Expanded, threaded, headed, and driven fasteners-locked .......... 2... ee eee 411 1.338 1.958 
Clutches and power-stop control... = ene 192 2.279 1.943 
RE EE ee 235 4118 1.943 
Part of the class 532-570 series—organic compounds....... 2... 2.2 eee 560 0.591 1.901 
Drug, bio-affecting and body treating compositions.......... 2-2... eee 424 1.753 1 896 
Least emphasized classes 
a ain. 26 a CHES 685 OSEERRESEHO ODS SHEERS CCRC EKER OS 354 0.000 0.000 
Package and article carriers 6. ee nee 224 0.000 0.000 
Fishing, trapping and vermin destroying....... 2... 22 eee 43 0.390 0.000 
Baths, closets, sinks and spittoons.... ee 4 0.207 0.000 
Amusement and exercising devices 272 0.000 0.112 
ET it on boy k WOO 6066-60600 005600.046 6068 865866060880 508 68s 355 0.240 0.113 
Land vehicles, bodies and tops . 296 0.644 0.117 
Dynamic magnetic information storage or retrieval... 0.0 eee 360 0.918 0.123 
Radiation imagery chemistry—process, composition or product...................... 430 0.317 0.135 
Coherent light generators eee nee 372 0.548 0.154 
I 6 6 6 0666.06 6600556566505 600 4656 06.050066605 0000484400 126 0.472 0.160 
tks eaeeb Gee SE ee CeCEeHUeE TEESE eCee ees eeceeeeeseeessessecoeoveses 81 0.623 0.164 
Solid material comminution or disintegration... 2... cen tas 241 1.089 0.170 
Amusement devices, tOyS. eee eee 446 0.000 0.177 
PPPPPTETITTTETITELIT Terre rrererrrerrererrrrrrrrrrTee 119 0.180 0.181 
Amusement devices, games... eee eens 273 0.224 0.210 
SNE 66.6 0.0 66.90.06 0.6.0.66500.00.0:0:0006-05050065.6.0506.0508468660 48 06s 08s OER 30 0.183 0.259 
I 7 6000 6.06.0.66066008 600 5005:066.0006.069000600600068.04 jdeeecueeees 2 0.000 0.272 
Electricity, conductors and insulators... eee 174 0.784 0.284 
Ss 6 bn 56 0eebbbnnseayneceneheseesenetessesen4ceseenscawedes eases 101 1.410 0.285 
EN Ss 0 6 66 906.06600555006.0469065659466000506600.60050.046.000.0580840008% 433 1.013 0.296 


NOTES: The activity index is the percentage of the patents in a class that are granted to French inventors, divided by the percentage of all patents that have French 


inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989 


SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office. “Country Activity Index Report, Corporate Patenting 1989." report prepared tor 


the National Science Foundation (Washington, DC: October 1990). 
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Appendix table 6-27. 
Patent classes most and least emphasized by British inventors patenting in the United States: 1980 and 1989 


Activity index 


Class 

Patent class number 1980 1989 
Most emphasized classes 

Drug, bio-affecting and body treating compositions ........ .............. 514 2.756 2.890 
Ns re ne ce 44s en eeees rr ar ee ene ear 244 0.775 2.749 
Communications, directive radio wave systems and devices ............... 342 1.342 2.301 
Sheet feeding or delivering............ 2.0... 2 00.000 eee 271 0.829 2.279 
ED va 44k ewe n 54.4 54 E USE RETA TEES S OOM GE RET e EER EOS NEEDS 188 2.288 2.254 
Compositions, coating or plastic ....................2.0..00-0..00.. 106 2.148 2.139 
Closure fasteners...... 2.2222. eee 292 0.401 2.073 
ER ee 222 0.852 1.995 
Coded data generation or conversion......... 0 2.2.2.2... 0.02 341 0.835 1.917 
Telecommunications.... . 2... eee 455 0.881 1.912 
Classifying, separating and assorting solids ..................0...0.... 209 1.490 1.905 
Spring devices... ee eee 267 0.000 1.873 
Mu‘ olex communications... .... 2... 22 eee 370 1.148 1.820 
Part of the class 532-570 series—organic compounds.................... 546 0.404 1.820 
6nd 65665 60S SENS Oe 656 On See GS be HERS a eee EOE 60 2.192 1.801 
Optics, systems andelements....... ...........0.000 220200020020. 350 1.660 1.792 
Glass manufacturing... .. ©. 2. eee 65 2.506 1.788 
Communications, radio wave antennas .........................-.... 343 0.409 1.762 
GI, GRD, gnc ccc ccc cece ccc cece enc ccceces 71 1.539 1.752 
Drug, bio-affecting and body treating compositions ...................... 424 2.674 1.725 
Least emphasized classes 

Amusement devices, toys... . 6.0 eee 446 0.256 0.000 
a 433 0.278 0.000 
Cleaning and liquid contact with solids. ..... 0.2 ee 134 0.481 0.000 
Baths, closets, sinks and spittoons..................0......20.20000... 4 0.513 0.000 
Fishing, trapping and vermin destroying...... 20... 0.0... 00.00 00000005. 43 0.000 0.086 
Electric power conversion systems ........... 0.02. ..000 0002 eee. 363 1.583 0.128 
Error detection/correction and fault detection/recovery.................... 371 1.398 0.136 
Amusement devices, games... .. 0.2 ee 273 0.308 0.146 
Se ob 4's 66665666966 556% 404404 6 O8N GOR OE OR FEET ROK OSE ER ERO BOC 5 0.560 0.149 
SD 5-6 5 6.00% 66.604 0s WS 654 6 Od 9 6664 0 haere ne ceh ae he os eae 81 0.257 0.152 
Dynamic information storage or retrieval... 2. een 369 1.262 0.159 
Es in kk nd a o.6 oa b4 084564 60 eb heb taesibveeenweeutecduas 354 0.258 0.168 
Endless belt power transmission systems and components................ 474 0.000 0.174 
Amusement and exercising devices....... 0.0.0.0. .6.0.0 0 eee 272 0.000 0.209 
EE 00.46.6606 xe eO CE NER ERE CESK REE NOHO ER OES HS 242 0.250 0.238 
Part of the class 520 series—synth. resins or natural rubber............ ae 525 0.526 0.260 
Dynamic magnetic information storage or retrieval .................00... 360 0.216 0.265 
Static information storage and retrieval... 0... een 365 1.002 0.286 
ED 0.5 6 i 0.6 O06 0 0O6 Sea OOS E NHANES SEERA A ERSS O44 DS RON 297 1.032 0.303 
SR ee ee ee eer Tee TeeTerrrereverrrrecrrrerrre 248 0.545 0.315 


NOTES: The activity index is the percentage of the patents in a class that are granted to British inventors, divided by the percentage of all patents that have British 
inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989 


SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report, Corporate Patenting 1989.” report prepared 
for the National Science Foundation (Washington, DC: October 1990) 
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Appendix table 6-28. 
Patent classes most emphasized by inventors from Taiwan patenting in the United States: 1980 and 1989 
Class Activity index 

Patent class number 1980 1989 
acta tain we i's a hw A, 9.50 Eb 2 TELE OOS OW Ge SEO OS 9b OS eae S ws 70 0.000 14.442 
Telephonic communications ................. 2.0.02 ee ee eee 379 0.000 14.118 
Ee aa a 30 0.000 12.870 
Image analysis... . 2... ee eee 382 0.000 8.759 
Valves and valve actuation..... 2.2... 2 eee 251 0.000 8.016 
Semiconductor device manufacturing process ...................000000022000005- 437 0.000 6.793 
ae an a weg ee Ges ORS OEEEHOES EHO HHO eee eee eee eee e ee ee neesenes 362 0.000 6.320 
Part of the class 532-570 series—organic compounds.............................. 568 0.000 6.142 
Chairs andseats ........ 2.22 ee eee 297 0.000 5.421 
Closure fasteners... . 2.2.22. ee eee 292 0.000 4.637 
Part of the class 532-570 series—organic compounds........................2204.. 546 69.304 4.441 
Baths, closets, sinks and spitloons ...................2.0 00000022 ee eee 4 0.000 4.420 
Amusement devices, toyS...... 2... 22. eee 446 131.530 4.400 
Internal-combustion engines... .. 2... 2... ee eee eee 123 0.000 4.359 
Optics, eye examining, vision testing and correcting................0.0....00202000.4. 351 0.000 4.359 
Miscellaneous hardware...... 2... 2 eee 16 0.000 4.319 
nth 64 eb os heh Os HAR WARDENS 3 Oe Oe EDD Gee aed GEE RE aR SORE oT ROE 81 0.000 4.077 
Receptacles ... 2.222 ee eee 220 0.000 3.941 
I 6 6.06 6a ta 5 0k Soe NE Sha RAE EH ESSE a eee ew eee anak ee eee 384 0.000 3.909 
EN ao 6 6:0 6:4 45 os Oe OK vhs OAR OES oS Ew Sw OE LAE os eee See ee aw ees ae 83 0.000 3.893 
Electricity, conductors and insulators....... 2.2.2... 2 eee 174 0.000 3.530 
Electric lamp and discharge devices, systems ........ 2.2.2.2... 20.00.0002 2c ee eee eee 315 0.000 3.465 
CR oth 6g e646 HORE ESTE SSW OO NOES HE CEES ESS Os 045440 0R5 F0E Edd ER ELS Gece eee 114 0.000 3.251 
eee eee ee ee ee 235 0.000 3.022 
eee Tere ee Te eee Te Te Te eC eee Te Tee Tee ee Te Tee 51 0.000 2.841 
Amusement and exercising devices... . 0... ee 272 0.000 2.799 
Ds i bn he ab 6 o.4 eK 64 eSNG 064 WOS GREE EER AO EE OR OED A Oe OES oO KO 148 0.000 2.726 
Pulse or digital communications ..... 2... 6. eee 375 0.000 2.695 
Package making «2... eee eee eee 53 0.000 2.635 
Amusement devices, games... eee 273 0.000 2.613 
Brushing, scrubbing and general cleaning ... 0.20. nee 15 0.000 2.606 
Special receptacie or package... .. 2. eee 206 0.000 2.553 
Fishing, trapping and vermin destroying... 2... ee eee 43 0.000 2.313 
Catalyst, solid sorbent, or support therefor, prod. orproc...... 2... 2 ee 502 0.000 2.296 
EE 9 5 066666540648 CONES OREO EC KEES OODNEAES 6 O84 ORDERS REGO ES 354 0.000 2.258 
RS ho 06.666 G ESSER SCHEELE EASES AOE HERA OSHS DD SHES EOE ESO 219 0.000 2.157 
Dynamic information storage or retrieval .. 2... 00 eee 369 0.000 2.135 
Dynamic magnetic information storage or retrieval 0... 2. eee 360 0.000 2.032 
ED 6.6.6: 6.06.6.6.6-6.0.09 6 C06 58-446 0500 0b ae e aster es ae eeeen es 372 0.000 1.911 
se ee ee ee ee eee eee 29 0.000 1.698 
CD oi 66 66 0.000 be 6a Nn b aka EOE SEO Leow eee eNOS ERE C Oe OSS 73 0.000 1.490 
ED 66 ok ose EA oe UNO ES SNORE EWA ood GE 45 SOO Rs CASE E EO REAS SESS 280 0.000 1.334 
Liquid purification or separation... 2 ee 210 0.000 0.871 
Drug, bio-affecting and body treating compositions ..... 2... 0... eee 424 0.000 0.858 
Radiation imagery chemistry—process, composition or product...................0... 430 0.400 0.839 
Drug, bio-affecting and body treating compositions... 6. ee 514 0.000 0.384 
Electrical computers and data processing systems ..... 2.2... 00 ee 364 0.000 0.334 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from Taiwan, divided by the percentage of all patents that have 
inventors from Taiwan in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from ali countries in 1989. 


SOURCE: Office of Information Systems, TAF Program, Patent and Trademark Office, “Country Activity index Report, Corporate Patenting 1989,” report prepared for 


the National Science Foundation (Washington, OC: October 1990) 
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Patent classes most emphasized by South Korean inventors patenting in the United States: 1980 and 1989 


Appendix A. Appendix Tables 


Activity index 


Class 
Patent class number 1980 1989 
Static information storage and retrieval ...................0.0 00000020002 eee ee eee 365 0.000 9.056 
Closure fasteners ....... 22.22. ee ee eee 292 0.000 8.754 
Dynamic magnetic information storage or retrieval..............2..00.220. 0020004. 360 0.000 8.632 
Miscellaneous hardware......... 2.2... ee eee 16 0.000 8.154 
Pictorial communication; television ..................2.... 002022202 e ee ee eee eee 358 0.000 7.855 
Electric lamp and discharge devices, systems ......................2.-2- 0 -2-000-- 315 0.000 6.541 
Electrical transmission or interconnection systems ...............-.....2-522000005- 307 0.000 5.890 
es oe cet hee ee be ee wea a NaH e wee eb Ee See ee heNeeereeeeeeesennuese 220 0.000 5.581 
Chairs andseats...... 2.2.02 ce eee 297 0.000 5.117 
I 6. ix. 0 se 0 5 sn 8S ERE Owed OEE EE CRH ETA EGE EN GG RON UEGU SS eee Es 219 0.000 5.091 
Electric lamp and discharge devices ................0..0 0000 c cece eee eee 313 0.000 4.699 
Part of the class 520 series—synth. resins or naturalrubber......................... 521 0.000 4.232 
Amusement devices, toys......... 2... 2... cc ee eee 446 0.000 4.153 
Winding and reeling... .. 2.2... ee ee eee eee 242 0.000 4.013 
Sheet feeding or delivering..... 2.2... eee eee 271 0.000 3.849 
Electrical generator or motor structure... ..... 2.2.20... ee 310 0.000 3.615 
Communications, radio wave antennas .................... 0000 eee eee eee 343 0.000 3.434 
Part of the class 532-570 series—organic compounds ................0..0 52520005. 560 250.279 3.434 
Electricity, conductors and insulators................0.0 002. eee 174 0.000 3.332 
Electric power conversion systems ...... 2.2. eee 363 0.000 3.235 
Semiconductor device manufacturing process ....... 2.2.2... 0.0.02 ec eee 437 0.000 3.206 
Part of the class 532-570 series—organic compounds ...................2.0-00005. 568 0.000 2.899 
Electricity, circuit makers and breakers ............ 0.20.00... cee cee eee ee eee 200 0.000 2.673 
Electrical audio signal processing and systems ................. 00.0. 381 0.000 2.558 
Brushing, scrubbing and general cleaning ...... 2.2... 6 eee 15 0.000 2.460 
Electricity, electrical systems and devices ................00 006 bc eee 361 0.000 2.403 
Plastic and nonmetallic article shaping or treating: Process .................00.0055. 264 0.000 2.227 
Catalyst, solid sorbent, or support therefor, prod. orproc...................0 0.200005. 502 0.000 2.167 
Dynamic information storage or retrieval 2... eee 369 0.000 2.016 
LS, 65 6.5 064 0660 > 0-044:0.9 06 645 CE CEUNS HSER EESSLVONRGE SECON OOTESEES 346 0.000 1.962 
Adhesive bonding and misc. chemical manufacture ...... 2... 0.02000. 6eee 156 0.000 1.685 
Telephonic communications .... 2... ee eee eee 379 0.000 1.666 
CS red bhSEGK 46H EES KSS AREER ARSSETEEWSOSAEERECE S444 00086 84 0844 EEO 248 0.000 1.597 
Ee ee er 423 0.000 1.569 
ID 6 ccc tcc awcwscesresenedoenssasessescsocessecses 340 0.000 1.526 
Part of the class 520 series—synth. resins or naturalrubber....................0.0.. 528 0.000 1.526 
Part of the class 520 series—synth. resins or naturalrubber....................00.0.. 524 0.000 1.389 
ED, 6.2 atk eens cdc dG bWSSGERADA OS OHERADE ERE ROD EERE E HERR EEO 427 0.000 1.294 
Special receptacle or package .. ee eee ee 206 0.000 1.205 
Food or edible material: Processes, compositions and products....................... 42€ 0.000 1.143 
Part of the class 520 series—synth. resins or naturalrubber.................0.....0... 525 0.000 1.100 
Chemistry, electrical and wave energy... 6... ee 204 0.000 1.077 
EE 6 6 6g 5 0-6-5:4.0 6b Cu b6 55S 4 SHOES EOE EK oo 34O EOD 4 OSE SEA ESSE OOS SEO 252 0.000 0.842 
EE sy 6 6060.5 0606864 68-0086 b COSA KROES O OHA HOES OSS OHO NS OER ONS 73 0.000 0.703 
Optics, systems and elements ... 0... eee 350 0.000 0.561 
Drug, bio-affecting and body treating compositions... ee 514 0.000 0.363 


NOTES: The activity index is the percentage of the patents in a class that are granted to South Korean inventors, divided by the percentage of all patents that have 


South Korean inventors in that year. Listing is limited to U.S. Patent Office classes that received at least 200 patents from all countries in 1989 
SOURCE: Office of Information Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report, Corporate Patenting 1989,” report prepared for 


the National Science Foundation (Washington, DC: October 1990) 
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Appendix table 6-30. 


Nation shares of patents granted in the United States, by country of residence of inventor, product field, and year of grant: 1980 and 1989 


All United West United South Other 

Product field and SIC code countries States Japan Germany France Kingdom Canada Switzerland USSR Taiwan Korea countries 
1980 

— Percent 
ALL PRODUCT FIELDS................... 61,807 60.4 11.5 9.3 3.4 3.9 1.7 2.0 0.7 0.1 0.0 68 
Industrial inorganic chemicals (SIC 281) ....... 1,093 59.6 11.3 8.9 4.0 5.3 1.9 1.1 0.9 0.0 0.0 7.0 
Plastics materials and synthetic resins (SIC 282) . 965 56.6 15.1 13.4 2.9 2.0 0.8 2.3 1.1 0.0 0.1 5.7 
Drugs and medicines (SIC 283) ............. 1,378 49.5 12.3 11.6 5.3 8.0 0.9 4.1 0.5 0.1 0.0 78 
Engines and turbines (SIC 351) ............. 635 51.3 19.8 10.9 3.8 6.0 1.1 1.1 0.3 0.3 0.0 5.4 
Office computing and accounting 

machines (SIC 357) ................... 1,464 61.1 17.3 6.9 3.4 3.0 0.6 1.7 0.4 0.1 0.0 5.5 
Radio and TV receiving equipment (SIC 365)... . 629 47.1 34.5 5.2 2.4 3.5 0.8 1.3 0.2 0.2 0.0 49 
Communication equip. & elect. 

comp. (SIC 366-367)................... 5,684 63.9 14.8 5.9 3.9 3.5 1.4 1.1 0.5 0.1 0.0 49 
Motor vehicles and equipment (SIC 371)....... 1,255 52.7 16.4 13.7 46 47 1.8 1.4 0.2 0.1 0.0 44 
Aircraft and parts (SIC 372) ................ 679 50.7 19.3 11.5 5.0 6.5 1.2 0.9 0.1 0.1 0.0 47 
Professional & scientific instruments 

(SIC SB-SORS). .. eee eee 7,618 58.3 16.7 9.0 2.8 3.2 1.4 2.2 0.7 0.1 0.0 5.6 

1989 
ALL PRODUCT FIELDS................... 94,936 52.5 21.1 8.7 3.3 3.2 2.1 1.4 0.2 0.6 0.2 7.6 
Industrial inorganic chemicals (SIC 281) ....... 1,253 55.1 14.0 11.6 46 46 2.4 1.0 0.4 0.0 0.2 6.5 
Plastics materials and synthetic resins 

(SIC 282)..................22.....2.. 1,373 50.0 21.6 13.2 3.4 3.4 1.0 1.7 0.1 0.0 0.1 5.6 
Drugs and medicines (SIC 283) ............. 2,352 51.7 14.3 9.9 3.8 3.8 1.7 2.3 0.2 0.0 0.0 12.5 
Engines and turbines (SIC 351) ............. 827 449 27.4 12.0 2.4 2.4 1.0 1.3 0.2 0.7 0.2 8.6 
Office computing and accounting machines 

|, a 3,791 442 40.0 48 2.5 2.5 0.9 0.7 0.0 0.2 0.2 44 
Radio and TV receiving equipment (SIC 365)... . 1,065 35.0 45.3 5.9 3.2 3.2 08 02 0.0 0.4 09 6.4 
Communication equip. & elect. comp. 

(SIC 366-367)...............02..0...... 12,399 48.8 31.1 5.5 3.5 3.5 1.6 0.7 0.1 05 0.3 5.3 
Motor vehicles and equipment (SIC 371)....... 2,002 40.9 31.9 12.9 2.9 2.9 1.9 0.7 0.0 0.5 0.1 58 
Aircraft and parts (SIC 372) ................ 1,015 440 27.4 12.4 3.6 3.6 1.0 0.9 0.1 0.7 0.0 7.0 
Professional & scientific instruments 

(SIC 38-3825)...............22.0.05.. 13,279 52.0 26.7 6.8 2.9 2.9 1.3 1.3 02 0.4 0.0 6.0 


NOTE: Table profiles patent activity in SiC-based product fields. The Patent Office’s Concordance computer program assigns patent subclasses to all product fields to which they are pertinent: fractional counts are used to 


eliminate multiple counts among product field categories. 


SOURCE: Patent and Trademark Office, Patenting Trends in the United States, 1963-1989 (Washington, DC: August 1990). 
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440 Appendix A. Appendix Tables 
Appendix table 6-31. 
Patents granted in selected countries by residence of inventor: 1985-89 
(page 1 of 2) 
Residence of inventor 
Patents to non- 
Total residentsas | United West United Soviet Other 

Granting country patents percent of total | States Japan Germany France Kingdom Italy Sweden india Union nonresidents 

1985 

Percentage of nonresident patents 

Japan ............. 50,100 15.5 46.4 0.0 19.6 6.4 5.4 15 2.3 0.0 1.4 17.0 
West Germany....... 33,377 60.4 292 23.9 0.0 12.4 67 28 2.8 0.0 1.7 20.5 
France............. 37,530 73.8 27.4 15.8 25.9 0.0 5.9 4.1 2.4 0.0 1.3 17.0 
United Kingdom ...... 34,480 82.3 286 208 20.9 8.4 00 29 2.2 0.0 0.6 15.6 
Italy... 2.222222 20.. 47,924 79.0 6.1 2.3 8.0 42 20 09 0.4 0.0 0.0 77.0 
Canada............ 18,697 92.8 548 11.7 8.8 5.6 5.3 1.5 1.8 0.0 0.4 10.0 
Mexico............. 1,374 93.4 56.3 6.6 76 7.0 40 2.6 1.5 0.0 0.5 14.0 
Brazil.............. 3,934 84.6 37.0 7.3 20.7 9.9 40 46 2.8 0.0 0.4 13.3 
South Korea......... 2,268 84.6 304 423 6.2 5.4 3.5 1.8 1.4 0.0 0.0 9.1 
Soviet Union ........ 74,745 2.0 13.7 8.4 16.9 8.2 3.1 3.9 2.7 0.0 0.0 42.9 
India ........2..0... 1,814 76.2 33.5 6.4 11.2 8.1 10.1 3.4 1.3 0.0 3.0 23.0 

1986 
Japan ............. 59,900 14.4 46.1 9.0 20.0 6.7 53 2.0 2.2 0.0 1.4 16.3 
West Germany....... 38,995 60.6 30.6 24.1 0.0 11.6 68 28 2.9 0.0 1.1 20.1 
France............. 35,549 73.7 278 17.1 25.4 0.0 62 38 2.3 0.0 0.7 16.7 
United Kingdom ...... 32,929 83.6 28.7 19.9 21.6 8.3 00 28 2.2 0.0 04 16.1 
Italy... 2. 52,493 23.9 24.9 8.2 28.4 13.8 74 00 1.5 0.0 0.0 15.8 
Canada............ 17,550 92.2 56.0 122 7.9 5.2 5.3 18 1.8 0.0 02 96 
Mexico............. 1,222 96.2 61.3 5.6 7.6 6.6 3.2 2.5 1.3 0.1 0.3 11.5 
eee 2,935 84.9 38.2 9.6 18.8 7.2 3.5 43 2.7 0.0 0.2 154 
South Korea......... 1,894 75.8 254 586 0.0 3.1 2.2 1.7 0.8 0.1 0.0 8.1 
Soviet Union ........ 79,367 1.6 14.4 7.3 17.4 9.6 50 34 3.8 0.0 0.0 39.1 
India .............. 1,994 75.2 32.3 76 6.3 6.5 147 45 1.8 0.0 2.8 23.5 

1987 
[ee 62,400 13.3 38.8 0.0 19.3 6.5 45 2.0 18 0.0 1.3 14.6 
West Germany....... 39,897 59.4 27.3 254 0.0 11.8 6.7 3.1 2.7 0.0 0.9 19.9 
SD 96 4:6045 445.6: 30,413 72.0 26.4 18.2 29.1 0.0 64 42 24 0.0 0.7 18.3 
United Kingdom ...... 28,659 83.9 26.6 20.9 24.1 10.1 00 3.1 2.2 0.0 0.3 17.0 
errr ee 11,550 99.0 25.1 103 34.6 16.9 8.1 0.0 2.2 0.0 0.0 98.6 
Canada............ 14,649 92.6 63.3 148 99 5.4 5.9 1.8 2.2 0.0 0.2 11.6 
Mexico............. 1,406 946 136.7 14.9 18.3 16.6 7.0 7.6 48 0.1 0.5 29.4 
Brazil.............. 2,184 86.8 55.6 8.7 21.7 11.8 104 62 3.0 0.0 0.5 16.8 
South Korea......... 2,330 74.4 268 44.0 5.5 3.3 3.0 1.7 0.8 0.0 0.0 7.2 
Soviet Union ........ 85,018 1.6 13.0 9.3 22.6 6.5 43 3.3 3.2 0.2 0.0 39.4 
India... .. 2.000000. 2,027 73.1 62.9 106 19.8 15.9 20.2 38 3.7 0.0 5.0 33.2 

1988 
Japan ............. 55,300 13.4 43.7 0.0 21.8 7.3 50 22 2.0 0.0 1.5 16.5 
West Germany....... 38,890 59.6 279 26.0 0.0 12.0 68 32.2 2.8 0.0 0.9 20.3 
France............. 31,956 72.4 25.0 172 27.5 0.0 60 40 2.2 0.0 0.7 17.3 
United Kingdom ...... 29,564 85.0 25.5 20.0 23.0 9.7 00 3.0 2.1 0.0 0.3 16.3 
BUNS Soto ateeen dees 25,195 88.9 12.8 5.3 17.6 8.6 42 0.0 1.1 0.0 0.0 50.3 
Canada............ 16,813 93.0 55.0 128 8.6 47 5.1 1.6 1.9 0.0 0.2 10.1 
Mexico............. 3,411 92.0 58.0 6.3 7.7 7.0 30 32 2.0 0.0 0.2 12.5 
Se 3,040 84.0 412 6.5 16.1 88 7.7 46 2.2 0.0 0.4 12.5 
South Korea...... 2,174 73.6 290 47.7 6.0 3.6 3.3 1.8 0.9 0.0 0.0 78 
Soviet Union ........ 83,983 1.6 12.7 9.2 22.2 6.4 43 3.2 3.2 0.2 0.0 38.6 
eee 3,454 75.1 35.9 6.1 11.3 9.1 11.5 2.2 2.1 0.0 29 18.9 


(continued) 
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Appendix table 6-31. 
Patents granted in selected countries by residence of inventor: 1985-89 
(page 2 of 2) 
Residence of inventor 
Patents to non- 
Total residents as | United West United Soviet Other 
Granting country patents percent of total | States Japan Germany France Kingdom italy Sweden india Union nonresidents 
1989 
Percentage of nonresident patents 
FSF e TT eee 63,301 13.5 | 444 0.0 21.2 7.6 50 22 2.3 0.0 1.3 16.0 
West Germany....... 42.233 60.0 28.2 27.2 0.0 10.9 65 3.5 28 0.0 0.9 20.0 
ee 32,879 748 249 175 27.8 0.0 60 44 2.2 0.0 0.5 16.7 
United Kingdom ...... 30,897 86.3 25.7 204 23.2 9.1 00 32 2.1 0.0 0.3 16.0 
eee 15,832 98.7 22.8 9.1 29.4 12.9 67 0.0 2.4 0.0 0.0 16.7 
Canada............ 16,299 93.4 529 13.7 8.6 6.1 5.7 1.8 1.7 0.0 0.2 94 
Mexico............. 2.268 91.0 63.1 45 78 6.0 28 3.5 1.4 0.0 0.7 10.3 
ares 3.510 86.5 41.2 5.2 16.2 9.1 100 43 2.2 0.0 0.6 11.1 
South Korea......... 3,972 70.3 | 30.7 506 5.1 3.0 30 09 0.8 0.0 0.0 6.0 
Soviet Union ........ 84.577 1.5 | 13.6 8.3 19.5 7.0 4.1 48 1.9 0.0 0.0 40.8 
DN otacdcweeesees<c 1,986 78.0 | 35.4 6.8 14.0 7.2 73 28 1.7 0.0 5.0 19.6 


SOURCE: World intellectual Property Organization, “industrial Property Statistics” (Geneva, Switzerland) 


See figure 6-20. 
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Appendix table 6-32. 
Citations per patent for selected countries, by year patent was granted in the United States: 1980, 1985, and 1987 
United West United Non- 
Industry States Germany Japan Kingdom France U.S. World 
1980 
ALL INDUSTRIES ................-..-....-........ 3.58 2.86 3.79 3.12 2.82 3.09 3.39 
industrial inorganic chemicals......................... 3.98 3.32 3.75 4.13 2.94 3.46 3.77 
Plastic materials and synthetic resins.................... 3.94 3.24 4.61 3.36 2.36 3.78 3.87 
Drugs and medicines.......................-.---... 3.46 2.37 2.45 2.75 1.94 2.32 2.88 
Engines andturbines.................2-.02-00--44.. 3.23 3.22 4.35 2.41 2.70 3.37 3.30 
Office computing and accounting machines ............... 6.80 4.89 6.37 6.09 5.61 5.63 6.34 
General industry machines and equipment................ 3.11 2.46 3.77 2.30 2.45 2.71 2.94 
Electrical equipment except communication equipment... . . . . 3.77 3.10 3.71 3.43 2.80 3.15 3.52 
Communication equipment and electrical components ....... 4.95 3.24 4.43 4.37 3.65 4.01 460 
Radio and TV equipment except communication types ....... 4.60 3.80 3.93 4.64 442 4.05 4.30 
Electrical components & access & communication equip... . . . 4.98 3.18 456 4.34 3.66 4.01 463 
Transportation equipment....................0..0225.. 2.82 3.07 4.24 2.28 2.50 3.13 2.95 
Motor vehicles and motor vehicle equipment .............. 3.14 3.17 4.33 2.37 2.72 3.30 3.22 
Guided missiles and space vehicles andparts............. 2.00 2.07 0.00 0.85 1.80 2.00 2.00 
Ordnance, except missiles ........................... 2.01 1.82 2.17 1.14 2.70 2.04 2.01 
Aircraft andparts................20000000222200005-.- 3.39 3.78 4.41 2.45 2.87 3.56 3.48 
Professional and scientific instruments................... 4.25 3.52 3.93 4.68 3.71 3.69 4.02 
1985 
ALL INDUSTRIES ...............0 2000000022022 2s. 2.07 1.69 2.66 1.79 1.61 2.04 2.06 
industrial inorganic chemicals ......................... 2.12 1.34 2.36 1.83 1.44 1.74 1.96 
Plastic materials and synthetic resins.................... 2.03 1.68 2.06 1.34 1.67 1.88 1.97 
Drugs and medicines... .. 2... ee eee 1.77 1.60 1.39 1.53 1.01 1.32 1.54 
Engines andturbines..... 2... 2 eee 1.37 1.58 2.84 1.27 1.61 2.17 1.85 
Office computing and accounting machines............... 3.50 2.62 3.68 2.97 3.44 3.39 3.44 
General industry machines and equipment................ 1.74 1.49 2.14 1.58 1.58 1.72 1.73 
Electrical equipment except communication equipment... ... . 2.21 1.96 2.55 2.00 1.65 2.12 2.17 
Communication equipment and electrical components ....... 3.08 2.36 3.47 2.46 2.39 2.99 3.04 
Radio and TV equipment except communication types ....... 3.03 3.24 3.20 2.73 2.46 2.99 3.01 
Electrical components & access & communication equip... . . . 3.08 2.27 3.51 2.44 2.38 2.99 3.04 
Transportation equipment... . 2.2... ee eee 1.60 1.95 3.53 1.40 2.02 2.50 2.08 
Motor vehicles and motor vehicle equipment .............. 1.80 1.97 3.57 1.53 2.21 2.70 2.32 
Guided missiles and space vehicles andparts............. 1.23 1.20 0.00 0.88 0.84 0.86 1.10 
Ordnance, except missiles ...... 2.2.22... eee 1.37 1.39 2.00 1.24 1.52 1.34 1.36 
Aircraft and parts... cc ee eee 1.51 2.14 3.36 1.47 1.94 2.62 2.14 
Professional and scientific instruments................... 2.46 1.91 2.87 2.10 1.64 2.35 2.41 
1987 
ALL INDUSTRIES ... 2.0 eee 1.01 0.75 1.30 0.82 0.77 0.97 0.99 
Industrial inorganic chemicals... .. 0.0... 06. 0.94 0.54 0.91 1.11 0.60 0.71 0.84 
Plastic materials and synthetic resins.................... 0.97 0.53 0.89 0.84 0.68 0.75 0.87 
Drugs and medicines... 2... een 0.88 0.75 0.69 0.71 0.50 0.67 0.78 
Engines andturbines.... 2... 22 eee 0.73 0.86 1.38 0.61 0.62 1.03 0.91 
Office computing and accounting machines............... 1.63 0.98 1.53 1.50 1.24 1.43 1.51 
General industry machines and equipment................ 0.78 0.68 1.07 0.71 0.90 0.82 0.80 
Electrical equipment except communication equipment... . _. . 1.09 0.76 1.17 0.82 0.88 0.95 1.02 
Communication equipment and electrical components ....... 1.45 0.94 1.71 1.14 0.95 1.42 1.43 
Radio and TV equipment except communication types ....... 1.60 1.09 1.91 1.28 1.52 1.68 1.65 
Electrical components & access & Communication equip... .. . 1.44 0.93 1.68 1.13 0.92 1.38 1.41 
Transportation equipment... . 2. ee ee 0.77 1.01 1.71 0.80 0.82 1.21 1.02 
Motor vehicles and motor vehicle equipment .............. 0.85 1.03 1.70 0.82 0.97 1.32 1.15 
Guided missiles and space vehicles andparts............. 0.49 0.45 1.00 1.42 0.38 0.70 0.57 
Ordnance, except missiles... ee 0.61 0.46 1.04 0.70 0.80 0.53 0.57 
fk 0.78 1.04 1.64 0.77 0.86 1.24 1.05 
Professional and scientific instruments................... 1.20 0.94 1.48 1.01 0.97 1.19 1.20 


NOTE: Citation rates generally increase as a patent ages. Consequently, citation rates for patents granted in 1987 are noticeably lower than those granted in 1980 
SOURCE. Computer Horizons, inc., special report to Science Resources Studies Division, National Science Foundation, 1990 
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United United 
France Germany Japan Kingdom Italy Sweden States 


Appendix table 6-33. 
Output per worker-hour in manufacturing: 1960-89 
West 

1960 .............. 36.7 45.8 20.2 57.5 
1961 .............. 39.0 47.0 22.4 56.8 
1962 .............. 41.3 48.9 22.8 57.5 
UD gc vadeecexcens 43.4 50.1 24.5 60.5 
GE ob kee ec eae ens 46.3 54.3 275 65.0 
1965 ......... 49.0 57.4 28.2 66.0 
1966 .............. 53.1 59.1 31.2 66.9 
ree 55.8 61.3 35.8 69.6 
1968 .............. 59.8 67.1 40.2 75.2 
1969 .............. 64.9 71.7 45.8 77.0 
OD oooh cec4 ab one 67.7 73.4 50.9 77.4 
1971 .............. 70.9 74.4 53.0 79.2 
1972 .............. 73.2 78.3 57.9 82.9 
1973 .............. 77.0 82.6 63.4 90.1 
rere 775 83.9 63.0 88.6 
1975 .............. 78.0 85.3 62.3 86.4 
1976 .............. 83.5 93.8 69.1 90.9 
GN i6-0<see5e oenes 87.6 95.2 73.5 92.4 
1978 .............. 90.9 97.0 79.9 93.3 
1979 .............. 95.2 100.2 85.8 93.9 
1980 .............. 95.9 99.2 91.7 90.4 
1981 ......... ieee 97.6 99.4 94.5 93.6 
WHE cccccccccccece 100.0 100.0 100.0 100.0 
1983 .............. 102.0 104.7 106.0 108.8 
1984 ............... 104.0 108.1 115.0 115.7 
1985 .............. 107.7 110.2 120.9 119.7 
SE 4 be 66604660404 109.9 108.4 121.9 124.0 
1987 .............. 113.5 105.9 132.0 132.5 
1988 .............. 119.6 110.4 139.5 140.2 
1989 .............. 124.5 114.2 146.1 145.9 


34.1 47.0 59.8 
36.4 48.8 61.6 
39.1 52.0 64.8 
40.3 54.4 69.4 
40.7 58.4 73.3 


43.9 62.1 76.1 
48.2 64.6 77.2 
51.3 68.9 76.0 
55.3 73.6 78.6 
57.0 778 79.3 


59.5 79.4 779 
58.9 82.5 82.5 
63.5 84.3 87.3 
69.5 88.9 91.9 
71.8 91.5 87.8 


68.1 91.0 88.9 
77.3 91.2 94.0 
78.6 89.1 97.4 
83.6 89.1 99.0 
90.7 84.6 98.4 


95.3 95.1 97.3 
97.9 95.5 99.4 
100.0 100.0 100.0 
105.3 105.5 108.3 
115.8 112.6 115.8 


121.0 112.1 121.1 
125.2 112.4 125.6 
130.9 113.0 130.7 
139.3 115.2 135.4 
143.0 116.0 137.8 


NOTE: Index: 1982 = 100. 
SOURCE: Bureau of Labor Statistics, unpublished tabulations 
See figure 6-21. 
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Appendix table 6-34. 
Manufacturers’ use and planned use of certain advanced technologies in the United States, 
Canada, and Australia 


United States Canada Australia 
Plan to Pian to Plan to 
use within use within use within 
Technology Inuse 5years inuse 5Syears inuse 5years 
Percentage of establishments 
At least one of the 17 advanced 
a 684 597 43.0 NA 33.0 NA 
Design and engineering 
Computer-aided design (CAD) or 
computer-aided engineering............... 39.0 196 17.0 12.0 10.0 11.0 
CAD output used to control 
manufacturing machines............. Soke 169 21.1 7.0 10.0 40 7.0 
Digital representation of CAD 
output used in procurement ............... 99 175 40 8.0 40 6.0 
Fabrication/machining and assembly 
Flexible manufacturing cells or 
ead eeeeseeeusceeesvasceauees 10.7 115 7.0 3.0 1.0 3.0 
Numerically controlled or computer 
numerically controlled machines ...... aa 414 79 14.0 40 13.0 5.0 
Materials working lasers .................... 43 9.1 2.0 40 1.0 3.0 
Pick and place robots ...................... 7.7 122 3.0 40 2.0 4.0 
GIP OUTED. ccc ccc ccc ccc ccc ccc cccess 5.7 112 3.0 5.0 3.0 2.0 
Automated material handling 
Automatic storage and retrieval 
DD 6560.00 ¢0.beseebes6beees 5466855 3.2 5.8 40 40 2.0 3.0 
Automatic guided vehicle systems.............. 1.5 3.8 2.0 3.0 1.0 2.0 
Automated sensor-based inspection or 
testing 
Performed on incoming or in-process 
materials...... 20... .....0.00 0000005. + 100 119 9.0 7.0 3.0 3.0 
Performed on final product................... 125 124 8.0 6.0 40 3.0 
Communication and control 
Local area network (LAN) for 
technicaldata.................. See 189 172 11.0 12.0 3.0 5.0 
LAN for factory use.................0...4... 16.2 19.1 9.0 12.0 5.0 7.0 
intercompany Computer network 
linking plant to subcontractors, 
subcontractors, suppliers, 
orcustomers.... 2... 6. eee 148 203 10.0 11.0 3.0 5.0 
Programmable controllers ................... 32.1 10.7 18.0 6.0 14.0 40 
Computers used for control on 
Ss ¢65 cob esbs kh becess 805400405 273 220 12.0 13.0 7.0 8.0 


NOTES: “Nonuse” is defined as “do not currently use or plan to use in the next 5 years.” The U.S. survey included establishments 
with 20 or more employees selected to represent a universe of almost 40.000 manufacturing establishments classified in Standard 
industrial Classification codes 34-38; the Canadian survey covered the use of 22 advanced technologies (the first 17 of which are 
identical to those included in the U.S. survey) by all manufacturing plants in Canada with 20 or more employees. the Australian 
survey questioned manufacturers’ use of 19 advanced technologies (17 of which are comparable) 


SOURCE: Bureau of the Census, Manufacturing Technology 1988, SMT(88)-1 (Washington, DC: GPO. 1989): Organisation for 
Economic Cooperation and Development (OECD), “Survey of Manufacturing Technology in Canada - March 1989." Room 
Document 6, dist. Nov. 8, 1989: and OECD. “Survey of Manufacturing Technology in Australia,” Room Document 15, dist. Nov 
27,1989 
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Reasons for manufacturers’ nonuse of certain advanced technologies in the 


United States and Canada 
United States Canada 
Not Not Not Not 
Technology applicable costeffective applicable cost effective 
Percentage of establishments 
Design and engineering 
Computer-aided design (CAD) or 
computer-aided engineering........... 21.6 7.7 59.0 8.0 
CAD output used to control 
manufacturing machines.............. 34.0 13.6 70.0 9.0 
Digital representation of CAD 
output used in procurement 40.9 14.1 73.0 9.0 
Fabrication/machining and assembly 
Flexible manufacturing cells or 
systems ........... 0.02.02 0 200005. 46.0 15.0 73.0 10.0 
Numerically controlied or computer 
numerically controlied machines ........ 29.8 8.7 68.0 20 
Materials working lasers ................ 53.6 16.7 79.0 10.0 
Pick and place robots.................. 444 20.6 75.0 12.0 
Other robots......................-.-.. 454 21.0 74.0 11.0 
Automated material handling 
Automatic storage and retrieval 
systems .... 0. eee 46.0 30.0 72.0 15.0 
Automatic guided vehicle systems.......... 51.2 28.2 74.0 15.0 
Automated sensor-based inspection or 
testing 
Performed on incoming or in-process 
materiais................ 419 21.0 67.0 10.0 
Performed on final product......... 40.9 194 68.0 10.0 
Communication and control 
Local area network (LAN) for 
technical data . . eee 36.7 10.6 64.0 6.0 
LAN for factory use.............. 36.9 11.3 64.0 8.0 
intercompany Computer netwo 
linking plant to subcontractors, 
subcontractors, suppliers. 
orcustomers........ 34.0 13.9 60.0 10.0 
Programmable controiiers............ 32.4 99 61.0 8.0 
Computers used for control on 
factory floor................ 26.1 10.9 61.0 9.0 


NOTE: “Nonuse” is defined as “do not currently use or plan to use in the next 5 years.” 
SOURCE: Bureau of the Census, Manufacturing Technology 1988, SMT(88)-1 (Washington, DC: GPO, 1989) 
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Appendix table 6-36. 
Formation of companies in the United States active in certain high-tech fields: 1970-89 

Tele- 

All high- Bio- Computer Advanced Photonics communi- 
Period formed tech fields Automation technology hardware materials  & optics Software Cations 
— Number of companies 
SD hacbrenudceves er 19,097 1,754 722 3,633 947 1,025 6.238 1,620 
se 3,174 366 81 525 208 221 758 281 
1975-79........ paws 4,984 517 138 969 213 292 1,871 411 
ee 7,217 615 295 1,457 309 334 2.666 616 
1985-69............. 3,722 256 208 682 217 178 943 312 
- Percentage of all high-tech companies formed during each period 
1970-74............. 100.0 11.5 26 16.5 6.6 7.0 23.9 8.9 
see 100.0 10.4 28 19.4 43 5.9 37.5 82 
1980-64............. 100.0 85 41 20.2 43 46 36.9 85 
1985-89............. 100.0 6.9 5.6 18.3 58 48 25.3 84 
Percentage of all high-tech companies formed during 1970-89, by field 

1970-74............. 16.6 20.9 11.2 145 22.0 21.6 122 17.3 
1975-70... ........... 26.1 29.5 19.1 26.7 22.5 28.5 30.0 25.4 
1980-64............. 37.8 35.1 40.9 40.1 32.6 32.6 42.7 38.0 
1985-89 ............. 19.5 14.6 28.8 18.8 22.9 17.4 15.1 19.3 


NOTE: Beside those fields indicated, other high-tech fields included in the data base are chemicals, defense-related, energy. environmental 
manutacturing equipment, medical, pharmaceuticals, subassemblies and components. test and measurement. and transportation 

SOURCE: Derived from the CorpTech data base, Corporate Technology information Services, inc.. Wellesiey Hills. MA (Rev 6 0. 1991) 

See figure 6-23. Science & Engineenng indicators — 1991 


Tele- 
All Bio- Computer Advanced Photonics communi- 
State freids Automation technology hardware Software materials & optics Cations 
Number of companies 
ee 29.761 3,413 974 4,541 7,095 2.302 1,673 2,424 
Califomia............ 5.453 526 157 1,131 1414 211 398 633 
Massachusetts ........ 2.275 256 92 381 576 150 215 220 
New York............ 2.023 241 54 290 474 159 182 196 
Pennsylvania ......... 1,730 220 55 275 417 213 56 84 
New Jersey .......... 1,626 157 81 219 296 198 121 143 
Texas............... 1,430 91 31 189 387 107 49 117 
Connecticut.......... 1,346 182 25 176 261 111 72 90 
Winois ........... - 1,261 206 32 142 281 111 64 78 
Ohio................ 1,188 209 23 125 204 193 47 41 
Maryiand............ 1,157 93 107 244 292 51 52 118 
Kentucky ............ 910 172 9 49 71 97 11 20 
Minnesota ........... 858 109 27 135 166 66 38 46 
Michigan ....... 837 188 20 71 185 95 37 26 
Florida.............. 722 50 23 109 209 30 51 81 
Virginia.............. 695 44 15 156 223 39 28 112 
All other states. ....... 6.250 669 223 849 1,639 471 252 419 
Percent 

TOTAL.............. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
California............ 18.3 15.4 16.1 249 19.9 92 23.8 26.1 
Massachusetts........ 76 75 94 8.4 8.1 65 129 91 
New York............ 68 7.1 55 6.4 6.7 6.9 10.9 81 
Pennsylvania ... ~— 5.8 64 5.6 6.1 5.9 9.3 3.3 3.5 
New Jersey .......... 5.5 46 83 48 42 8.6 72 5.9 
WD ccceccccce - 48 2.7 3.2 42 5.5 46 29 48 
Connecticut ...... 45 5.3 26 39 3.7 48 43 3.7 
Winois ..........., + 42 6.0 3.3 3.1 40 48 38 3.2 
Ohio... 2. eee, 40 6.1 24 28 29 8.4 28 17 
Maryland ....... - 3.9 2.7 11.0 54 41 22 3.1 49 
Kentucky .... _ 3.1 5.0 0.9 11 1.0 42 0.7 08 
Minnesota .......... 29 32 28 3.0 23 29 23 19 
Michigan ....... 28 55 2.1 16 26 41 2.2 1.1 
Florida . . Pee . 24 15 24 24 29 13 3.0 3.3 
Virginia... 2.2.2.0... 2.3 1.3 15 34 3.1 1.7 1.7 46 
Allotherstates........ 21.0 19.6 22.9 18.7 23.1 20.5 15.1 17.3 


NOTE: Beside those fields indicated. other high-tech fields included in the data base are chemicals, defense-related. energy. environmental 
manutacturing equipment. medical. pharmaceuticals. subassemblies and components. test and measurement. and transportation 


SOURCE: Derived from the CorpTech data base, Corporate Technology Services, inc.. Wellesley Hills, MA (Rev 6.0. 1991) 
See figure 6-24 Science & Engineering indicators - 1991 
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Appendix iable 6-38. 

Ownership of companies active in high-tech fields operating in the United States, by country of ownership: 

March 1991 

Tele- 
All Bio- Computer Advanced Photonics communi- 
Country fields Automation technology hardware materials & optics Software cations 
Number of companies 

WD 6-6 5.0% 5605 od oes 30,919 3,413 974 4,541 2,302 1,673 7,095 2,424 

United States......... 27,412 3,066 868 4.212 1,957 1,471 6,887 2,182 

Foreign owned ........ 3,507 347 106 329 345 202 208 242 
United Kingdom... . . . 813 70 17 56 85 53 73 53 
Japan............ 600 66 15 101 42 51 16 66 
West Germany... ... 560 79 20 34 82 36 15 17 
France ........... 269 26 6 23 40 12 23 24 
Switzeriland........ 242 28 8 17 23 13 16 6 
Canada........... 246 20 4 16 18 g 22 27 
The Netherlands .... 144 5 8 17 23 11 10 12 
Sweden........... 170 21 8 12 10 5 8 6 
Taiwan ........... 35 0 10 0 2 1 6 
South Korea ....... 22 1 1 6 1 0 1 3 

Percent 

WN 665.4668 68450458 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

United States......... 88.7 89.8 89.1 92.8 85.0 87.9 97.1 90.0 

Foreign owned........ 11.3 10.2 10.9 7.2 15.0 12.1 2.9 10.0 
United Kingdom. .... 2.6 2.1 1.7 1.2 3.7 3.2 1.0 2.2 
Japan ............ 1.9 1.9 1.5 2.2 1.8 3.0 02 2.7 
West Germany...... 1.8 2.3 2.1 0.7 3.6 2.2 0.2 0.7 
France ........... 0.9 0.8 0.6 0.5 1.7 0.7 0.3 1.0 
Switzerland........ 0.8 0.8 0.8 0.4 1.0 08 0.2 0.2 
Canada........... 0.8 0.6 0.4 0.4 0.8 0.5 0.3 1.1 
The Netherlands .... 0.5 0.1 0.8 0.4 1.0 0.7 0.1 0.5 
Sweden........... 0.5 0.6 0.8 0.3 0.4 0.3 0.1 0.2 
Taiwan ........... 0.1 : ‘ 0.2 , 0.1 . 0.2 
South Korea ....... 0.1 7 0.1 0.1 ; . . 0.1 


* = less than 0.05 percent 
SOURCE: Derived from the CorpTech data base, Corporate Technology Information Services, Inc.. Wellesley Hills, MA (Rev 6.0. March 1991) 
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Appendix table 6-39. 
Source of capital for newly formed high-tech companies 
Corporate Private Corporate, 
Corporate Private Venture Corporate investment — investment private, 
investment investment capital & private & venture & venture & venture 
Technology field only only only investment Capital Capital Capita! 
Percentage of companies receiving source of capital 
Automation .............. 2.5 775 2.5 2.5 0.6 10.0 44 
Biotechnology ....... oe 2.7 63.7 3.5 10.6 0.9 97 8.8 
Computer hardware ........ 2.4 73.7 6.8 4.6 2.4 6.8 3.2 
Computer software... ... 7 3.0 76.9 5.2 26 1.1 7.7 3.4 
Advanced materials ........ 1.2 78.8 47 1.2 24 94 2.4 
Photonics & optics .... 3.1 73.5 5.1 5.1 1.0 10.2 2.0 
Telecommunications........ 3.2 59.7 8.1 2.2 1.6 19.9 5.4 
Weighted average ........ 2.8 74.1 5.9 48 1.7 10.8 44 


NOTE: Private companies fn->med during 1980-89 
SOURCE. Derived from ti  JorpTech data base. Corporate Technology information Services, inc.. Wellesiey Hills, MA (Rev 6.0, 1991) 
See figure 6-25 Science & Engineering indicators — 1991 
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Appendix table 7-1. 
interest in selected issues 
Issue area Degree of interest 1979 1981 1983 1985 1988 1990 
Percent 
Very............ 24 35 30 33 33 48 
international and foreign policy Moderately ....... 53 47 47 51 51 40 
Notatall......... 22 18 22 16 16 13 
Very........... 36 37 48 44 43 39 
New scientific discoveries Moderately ....... 49 45 41 44 46 49 
Notatall......... 15 17 11 13 12 12 
eee 35 52 57 48 48 51 
Economic issues and business conditions Moderately ....... 48 37 33 41 42 40 
Notatall......... 17 10 10 11 10 10 
Very............ 33 33 42 39 40 39 
Use of new inventions and technologies Moderately ...... 51 51 45 49 49 49 
Notatall......... 15 16 12 12 12 12 
er NA 25 27 29 34 26 
Space exploration Moderately ....... NA 44 45 46 47 48 
Notatall......... NA 31 28 25 22 26 
ee NA NA NA 68 72 68 
New medical discoveries Moderately ....... NA NA NA 29 25 29 
Notatall......... NA NA NA 3 3 3 
Very........... NA NA 43 47 47 55 
Military and defense policy Moderately ....... NA NA 42 42 42 35 
Notatall......... NA NA 15 11 11 10 
Very............ NA NA NA NA NA 42 
Nuclear power issues Moderately ....... NA NA NA NA NA 46 
Notatall......... NA NA NA NA NA 14 
Very . NA NA NA NA NA 64 
Environmental pollution Moderately NA NA NA NA NA 31 
Notatall......... NA NA NA NA NA 5 


“There are a lot of issues in the news and it is hard to keep up with every area. 1m going to read you a short list of issues and for each one—as | read it—/ 
would like you to tell me if you are very interested, moderately interested, or not at all interested 


“Now, Id like to go through this list with you again and for each issue I'd like you to tell me if you are very well-informed, moderately well-informed, or 


poorly informed.” 
NA = not asked 


NOTE: Percentages may not total 100 because of rounding 


SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990. integrated Codebook (Chicago: International Center for the 


Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991) 


See figures 7-1 and 7-18 
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Issue area Degree of knowledge 1979 1981 1983 1985 1988 1990 
Percent 

Very well-informed ........ 9 17 14 15 14 22 
international and foreign policy Moderately well-informed.... 54 55 51 53 55 57 
Not at all informed......... 37 28 35 32 31 22 
Very well-informed ........ 10 13 13 13 14 14 
New scientific discoveries Moderately well-informed.... 52 49 53 59 55 55 
Not at all informed......... 37 38 34 27 31 31 
Very well-informed ........ 14 29 27 23 23 25 
Economic issues and business Moderately well-informed.... 55 51 52 51 55 54 
conditions Not at all informed......... 31 20 20 26 22 20 
Very well-informed ........ 10 11 14 13 13 11 
Use of new inventions and Moderately well-informed.... 50 48 55 54 51 53 
technologies Not at all informed......... 40 40 32 34 36 35 
Very well-informed ........ NA 14 13 16 13 11 
Space exploration Moderately well-informed.... NA 46 53 52 53 51 
Not at all informed......... NA 40 34 32 34 38 
Very well-informed ........ NA NA NA 25 22 24 
New medical discoveries Moderately well-informed.... NA NA NA 57 59 57 
Not at all informed......... NA NA NA 18 19 20 
Very well-informed ........ NA NA 21 21 17 26 
Military and defense policy Moderately well-informed.... NA NA 50 48 51 51 
Not at all informed......... NA NA 29 31 32 23 
Very well-informed ........ NA NA NA NA NA 12 
Nuclear power issues Moderately well-informed.... NA NA NA NA NA 50 
Not at all informed......... NA NA NA NA NA 38 
Very well-informed ........ NA NA NA NA NA 32 
Environmental pollution Moderately well-informed.... NA NA NA NA NA 55 
Not at all informed......... NA NA NA NA NA 13 


“There are a lot of issues in the news and it is hard to keep up with every area. |'m going to read you a short list of issues and for each one—as | read it—/ 
would like you to tell me if you are very interestec, :.0derately interested, or not at all interested. 


“Now, I'd like to go through this list with you again and for each issue I'd like you to tell me if you are very well-informed, moderately well-informed, or poorly 
informed.” 


NA = not asked 
NOTE: Percentages may not total 100 because of rounding. 


SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, Int2»grated Codebook (Chicago: International Center for the Advancement 
of Scientific Literacy, Chicago Academy of Sciences, 1991). 


See figures 7-1 and 7-18. Science & Engineering Indicators — 1991 
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Appendix table 7-3. D 
Media use: 1990 3 
9 
se) 
TV news viewership Newspaper readership Newsmagazine readership 
A few Once Less than S 
Not Every times 8 once a = 
Regularly Occasionally at all day a week week week Regularly Occasionally Never N = 
Percent > 
Total public.................. 75 22 4 57 24 8 10 23 13 64 2,033 Q 
& 
Gender S 
I ow 6: eo ww ee 76 21 a 63 22 6 25 16 60 964 
Female .................. 74 23 3 52 26 10 11 21 12 68 1,070 S 
Degree level 
No high school degree ....... 77 19 4 53 20 10 17 10 9 81 495 
High school graduate’........ 73 24 3 55 27 8 g 24 14 63 1,179 
College graduate ........... 75 20 5 70 19 7 4 38 17 45 359 
Science & math education: 
Bs on ghee oes can eeenaes 73 23 3 54 23 10 13 16 11 74 1,263 
Medium.................. 76 20 3 59 29 6 7 32 15 53 523 
 PETPPTPeerrrerrer re 76 19 . 70 22 5 4 40 25 36 248 
Age 
Se ee 64 34 2 32 43 11 15 20 16 63 322 
25-34 67 29 4 44 29 16 11 20 16 64 497 
| 73 23 4 60 26 5 10 26 15 59 366 
Se aeeesekececceeeeeess ie 15 4 71 16 4 9 28 11 61 533 
65 andolder............... 87 10 3 78 10 4 8 19 7 74 315 
Residence 
Incorporated city............ 75 22 3 59 24 8 a 23 15 63 1.640 
Unincorporated area......... 73 22 5 51 24 10 15 23 8 69 392 
“Now, I'd like to read you a short list of television shows and ask you to tell me whether you watch each show regularly—that is, most of the time— occasionally. or Not at all A morning televis ews show? An evenir 


television news show? A late night television news show? 

“How often do you read a newspaper: every day, a few times a week, once a week, or less than once a week? 

“Are there any magazines that you read regularly, that is, most of the time? Are there any other magazines that you read occasionally?” 
NOTE: Percentages may not total 100 because of rounding 

‘Includes respondents with associate degrees. 

For an explanation of the education index, see chapter 7, “The Science and Mathematics Education index,” p. 172 


SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, integrated Codebook (Chicago: international Center for the Advancement cu Scientific Literacy. Chicago Academy of Sciences. 1991) 


See figures 7-2 and 7-3 Science & Engineering indicators - 1991 
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Appendix table 7-4. 
informal science education: 1990 


eSv 


Science television viewership Science magazine readership Annual science museum visits 
Regularly Occasionally Not at all Regularly Occasionally Not atall © Two or more One None N 
Percent 

Total public.................. 22 58 21 11 15 74 42 17 41 2.033 
Gender 

ee eee 24 58 18 13 21 66 43 16 41 964 

Female ............. “wae we 57 23 9 10 81 42 18 40 1,070 
Degree level 

No high school degree ....... 20 54 26 6 7 87 20 11 70 495 

High school graduate’........ 24 57 19 10 18 72 45 21 34 1,179 

College graduate ........... 19 63 18 18 20 62 64 14 22 359 
Science & math education 

eee .. 27 57 22 7 12 81 32 17 51 1,263 

Medium................. 22 60 19 16 19 65 56 18 26 523 

Pe eee eT 26 57 17 20 25 56 67 15 19 248 
Age 

Sear eee 15 61 24 g 19 73 56 24 20 322 

ee ee 20 56 24 11 16 73 53 17 29 497 

ee ee 22 62 16 11 20 70 50 18 33 366 

SE tkasestccavesenenax —e 59 15 13 13 74 32 17 51 533 

65 andolder............... 26 49 26 9 9 81 19 10 71 315 
Residence 

Incorporated city............ 22 58 20 11 17 73 45 17 38 1.640 

Unincorporated area......... 21 55 25 10 11 79 32 18 50 392 
“I'd like to read you a short list of television shows and ask you to tell me whether you watch each show regularly—that is, most of the time—occasionally. or not at ali Nova? National Geographic specials ° 


“Are there any magazines that you read regularly, that is, most of the time? Are there any other magazines that you read occasionally ? 


“Let me ask you about your use of museums, Zoos, and similar institutions. | am going to read you a short list of places and ask you to tell me how many times you visited each type of place during the last year. that is 
the last 12 months. A science or technology museum? A zoo or aquarium? A natural history museum?” 


NOTE: Percentages may not total 100 because of rounding 
Includes respondents with associate degrees. 
For an explanation of the education index, see chapter 7, “The Science and Mathematics Education Index,” p. 172 


SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences 
1991): and unpublished tabulations 


See figures 7-2 and 7-3 Science & Engineering Indicators - 1991 
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Appendix table 7-5. 
Understanding of scientific concepts: 1990 
Scientific Controlled 
study Probability Study N 
Percent 
Total public. ................ 18 70 72 2,033 
Gender 
Male ........... eae 19 69 74 964 
Female.................. 17 71 70 1,070 
Degree level 
No high school degree... . . . 5 55 51 495 
High school graduate’... . . 16 72 75 1.179 
College graduate. 43 82 88 359 
Science & math education 
Low.... . 9g 63 66 1,263 
Medium oo. 26 79 79 523 
High. 44 83 85 248 
Age 
18-24... peeneene Oe 79 64 322 
25-34 : 21 77 73 497 
35-44... , .... 264 76 79 366 
45-64... . - 15 67 77 533 
65 andolder....... 7 45 62 315 
Attentive publics 
New scientific discoveries 25 78 75 168 
New technologies a 22 81 77 148 
Nuclear energy . . 19 70 72 157 
Medical discoveries 15 70 72 323 
Space exploration . 28 81 82 123 
Environmental pollution 22 74 76 412 


‘In your Own words. could you tell me what it means to study something scientifically? 


‘Now. think about this situation. A doctor tells a couple that them genetic makeup means that they ve got 
one in four chances of having a child with an inherited iliness. Does this mean that if their first three 
children are healthy. the fourth will have the iliness? Does this mean that if their first child has the iliness 
the next three will not? Does this mean that each of the couple's children will have the same risk of 
suffering from the idiness? Does this mean that if they have only three children. none will have the iliness ” 


‘Now. think about this problem. Suppose a drug used to treat high blood pressure is suspected of having 
no effect There are three different ways scientists might use to investigate this problem. First. they could 
talk to those patients who have used the Crug to get their opimwon. Second. they could use their own 
knowledge of medicine to decide how good the drug is. Third. they could give the drug to sorne 

patients but not to others, then compare the results tor each group. Which of these three ways do you 
think that screntists would be most likely to use? 


includes respondents with associate degrees 


For an explanation of the education index. see chapter 7. “The Science and Mathematics 

Education index.” p. 172 

SOURCES: J.D. Miller. Public Attitudes Toward Science and Technology, 1979-1990. iniegrated 
Codebook (Chicago: international Center for the Advancement of Scientific Literacy. Chicago Academy of 
Sciences. 1991). and unpublished tabulations 
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Appendix table 7-6. 
Understanding of environmental concepts: 1990 
Acid rain Ozone hole 
Know identify Identify 
Understand Cause/ with Understand with Know 
term source pollution term pollution location N 
Percent 
Total public................ 6 10 31 25 18 11 2.033 
Gender 
BR cv iwkvusecebewe wees 4 15 33 32 18 17 964 
Female 3 5 29 19 17 5 1,070 
Degree level 
No high school degree . 7 20 8 10 3 495 
High school graduate 6 9 33 27 19 10 1,179 
College graduate __. 13 16 38 39 24 22 359 
Science & math education 
Low.......... sae ken 3 7 27 17 15 6 1,263 
Medium.............. 8 13 36 33 21 13 523 
High ..... 16 18 41 46 25 29 248 
Age 
Gc ntccercucacecues 4 5 38 31 21 11 322 
25-34 5 7 29 29 17 13 497 
35-44.......... 8 11 34 30 20 13 366 
45-64...... 2 12 28 22 18 9 533 
65andolder......... 3 11 25 10 11 B 315 
Attentive publics 
New scientific discoveries 11 18 34 37 30 24 168 
New technologies . . 11 19 33 41 23 26 148 
Nuclear energy. . ee 13 20 32 37 20 14 157 
Medical discoveries... .. 7 11 33 27 22 10 323 
Space exploration . 15 21 31 49 23 30 123 
Environmental pollution . . 10 13 36 33 22 17 412 


“When you read or hear the term ‘acid rain, do you have a clear understanding of what it means. a general sense of what it means. or little understanding of 
what it means? What is the primary cause of acid rain? 


Recently, there have been news reports that scientists have discovered a hole in the ozone layer Have you personally read or heard about the hole in the 
ozone layer? in regard to the issue about the hole in the ozone layer. would you say that you have a clear understanding of the issue. a general sense of it, or 
little understanding of it? Please tell me. in your own words. why is there a hole in the ozone layer? Do you know where the hole is located? Where is it 
located?” 


* = less than 0.5 percent 
Includes respondents with associate degrees 
For an explanation of the education index. see chapter 7. “The Science and Mathematics Education index.” p. 172 


SOURCES. J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences, 1991). and unpublished tabulations 
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Appendix table 7-7. 

Public attitudes toward science and technology 

(page 1 of 2) 

1957 1979 1983 1985 1988 1990 
Percent 

A. “Science and technology are making our Agree. ert 81 85 85 84 
lives healthier, easier, and more Disagree Perr 3 16 12 11 13 13 
comfortable.” Don't know/no answer. . 3 3 3 2 2 3 

B. “The quality of science and mathematics Agree..._.. NA NA NA 63 67 72 
education in American schools is Disagree ....... NA NA NA 29 25 24 
inadequate.” Don't know/no answer NA NA NA 8 7 4 

C. “On balance, computers and factory Agree. . NA NA 39 48 40 39 
automation will create more jobs than they Disagree _.. NA NA 55 44 52 53 
will eliminate.” Don't know/no answer . NA NA 6 8 8 8 

D. “If scientific knowledge is explained Agree. . . NA NA NA 65 72 73 
Clearly, most people will be able to Disagree .__. aa NA NA NA 33 27 25 
understand it.” Don't know/no answer NA NA NA 2 1 2 

E. “We depend too much on science and not Agree. 50 NA 51 57 51 51 
enough on faith.” Disagree 21 NA 46 39 43 44 

Neither 13 NA NA NA NA NA 
Don't know/no answer. . 16 NA 4 5 6 5 

F. “Even if it brings no immediate benefits, Agree. . . NA NA NA 79 81 80 
scientific research which advances the Disagree ........ NA NA NA 16 15 16 
frontiers of knowledge is necessary and Don't know/no answer NA NA NA 5 4 4 
should be supported by the Federal 
Government.” 

G. “One of the bad effects of science is that Agree... 23 37 30 37 33 34 
it breaks down people's ideas of right Disagree 67 56 63 57 61 59 
and wrong.” Don't know/no answer 10 7 7 7 6 7 

H. “Scientists should be allowed to do research Agree. NA NA NA 63 53 50 
that causes pain and injury to animals like Disagree ; NA NA NA 30 42 44 
dogs and chimpanzees if it produces new Don't know/no answer NA NA NA 7 5 6 
information about human health problems.” 

|. “It is not important for me to know about Agree NA NA NA NA 14 14 
science in my daily life.” Disagree NA NA NA NA 84 86 

Don't know/no answer NA NA NA NA 1 1 

J. “Some numbers are especially lucky forsome Agree. NA NA NA 43 37 36 

people.” Disagree NA NA NA 53 59 60 
Don't know/no answer NA NA NA 4 5 4 

K. “Science makes our way of life change Agree 43 44 46 44 40 37 

too fast.” Disagree 51 53 52 53 59 60 
Don't knc-w/no answer 6 3 2 3 2 3 

L. “Most scientists want to work on things Agree 90 NA NA 80 80 80 
that will make life better for the Disagree 5 NA NA 16 17 16 
average person.” Don't know/no answer 5 NA NA 4 3 4 

M. “Rocket launchings and other space Agree NA NA NA 44 NA 39 
activities have caused changes in Disagree NA NA NA 44 NA 47 
our weather.” Don't know/no answer NA NA NA 12 NA 14 

N. “It is not wise to plan ahead because Agree NA NA NA 24 NA 19 
many things turn out to be a matter Disagree NA NA NA 74 NA 80 
of good or bad luck anyway.” Don't know/no answer NA NA NA 2 NA 1 


(continued) 
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Appendix table 7-7. 

Public attitudes toward science and technology 

(page 2 of 2) 

1957 1979 1983 1985 1988 1990 
Percent 

O. “New inventions will always be found to Agree... _. - NA NA NA 47 NA 37 
counteract any harmful consequences Disagree ..... | MA NA NA 45 NA 56 
of technological development.” Don't know/no answer. . NA NA NA 8 NA 7 

P. “Every high school student in the United Agree... .. _... NA NA NA 69 NA 73 
States should be required to take a Disagree... ...... NA NA NA 28 NA 25 
science course every year.” Don't know/no answer NA NA NA 3 NA 2 

Q. “Every high school student in the United Agree... ee NA NA NA 87 NA 87 
States should be required to take a Disagree ..... _... NA NA NA 12 NA 12 
math course every year.” Don't know/no answer NA NA NA 1 NA . 


N= 1919 1,635 1,631 2,005 2,041 2,033 


NA = not asked: * = less than 0.5 percent 
NOTE: Percentages may not total 100 because of rounding 
1957 and 1983 wording: “Science is making... 1979 wording: “Scientific discoveries are making 


1957 wording: ‘it has been said that we depend too much on science and not enough on faith. How do you personally feel about that statement?” Trus was 
an open-ended question. coded by the interviewing organization. Those who responded that we should rely more on faith were coded as agreeing. those who 
said we should rely more on science were coded as disagreeing: those who thought we should rely on both or who saw no conflict were listed as “neither 


‘1979 wording: “Scientific discoveries tend to break down people's ideas of night and wrong ~ 


‘1985 wording: “Studies (should be permitted) that cause pain and injury to arumals like dogs and chimpanzees. but which produce new information about 
human disease or health problems.” 


1957. 1983, and 1985 wording: “One trouble with science is that it. . .". 1979 wording: “Scientific discoveries make our lives change too fast 


SOURCES: Survey Research Center, The Pub'ic impact of Science in the Mass Media: A Report on a Nation-Wide Survey tor the National Association of 
Science Writers (Ann Arbor, Mi: institute for Social Research, University of Michigan. 1958): and J.D. Miller. Public Attitudes Toward Science and Technology 
1979-1990, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences, 1991) 


See figures 7-5, 7-14, 7-15, 7-16, and 7-17, and figures O-24 and 0-25 in Overview Science & Engineering indicators — 1991 
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Appendix table 7-8. 
Public assessments of scientific research 
Beneficial Harmful 
Only About Only Don't know/ 
Strongly slightly equal Slightly Strongly no answer N 
Percent 
Total public 1979.... 46 23 13 6 4 = 1,635 
1981.... 42 28 12 12 5 1 1,536 
1985.... 44 24 4 13 6 9 2.005 
1988.... 53 22 5 8 4 8 1,042 
1990 . 47 23 7 10 3 10 2.033 
Maie 1979.... 51 22 10 6 3 7 773 
1981.... 48 27 10 10 5 1 724 
1985.... 48 22 4 13 6 7 950 
1988.... 56 22 5 7 4 6 498 
1990. 54 23 5 9 4 5 964 
Female 1979.... 42 24 17 6 4 8 862 
1981.... 37 28 14 14 5 2 812 
1985 . 40 25 5 14 6 10 1,054 
1988 . §1 21 5 9 4 10 544 
1990 40 23 a4 11 3 14 1.070 
Less than high 1979 26 23 17 10 6 19 465 
school graduate 1981 26 23 23 18 9 2 385 
1985.... 20 21 8 19 13 19 507 
1988 33 24 8 15 6 14 293 
1990 24 23 11 16 4 22 495 
High school graduate 1979. 50 25 12 5 3 3 932 
or some college 1981 43 31 9 12 4 1 886 
1985 47 25 4 13 4 7 1.143 
1988 56 23 4 6 4 7 574 
1990 49 25 6 10 3 7 1179 
College graduate 1979 69 17 2 3 1 238 
1981 64 22 7 4 2 : 264 
1985 67 22 2 6 2 1 349 
1988 79 14 1 2 1 3 175 
1990 70 18 3 3 1 5 359 
Attentive public 
for new scientific 1988 60 26 4 5 3 81 
discoveries 1990 61 19 1 5 3 11 168 


‘People have frequently noted that scientific research has produced both beneficial and harmful consequences Would you say that. on balance the benefits of 
scientific research have outweighed the harmful results. or have the harmful results of scientific research been greater than its benefits” 


“Would you say that the balance has been strongly in favor of beneficial results. or only sightly? Would you say that the balance has been strongly in tavor of harmful 


results, or only slightly?’ 
* = less than 0.5 percent 
Offered as a response category for the first time in 1990. in prior years. volunteered by respondent 


SOURCES JD. Miller. Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago international Center for the Advancement of 


Scientific Literacy, Chicago Academy of Sciences. 1991) . and unpublished tabulations 


See figure 7-6 and text table 7-3 
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Appendix table 7-9. 

Public confidence in people running various institutions: 1973-90 

Institution 1973 1974 1975 1976 1977 1978 1980 1982 1983 1984 1986 1987 1988 1989 1990 
Percent 

Medicine............ 54 + 60 50 54 51 46 52 45 51 50 46 #52 51 46 46 

Scientific community 37s «45 38 43 41 36 41 380Ots«41 44 39 «45 39 40 37 

U.S. Supreme Court 31 33 31 35 35 28 25 30 2868 OHH CBE 35 34 35 

Military.......... .. 32 40 35 39 36 486029 28 31 2 3 31 34 34 32 33 

Education... ... pees 37s «49 31 37 41 28 30 33 2 2 28 35 29 30 27 

Major companies . . 293 19 22 27 = 22 27 233 24—i—Ci HH H—(its OD 25 24 25 

Organized religion 35 444 24 30 402331 35 32 2 31 25 29 20 22 23 

Press 23 26 24 2 25 20 22 18 13 17 18 18 18 17 15 

Average i 35 41 31 36 37 30 33 31 30 34 30 35 31 31 30 


N=1,504 1484 1490 1499 1530 1532 1468 1506 1599 989 1470 1466 997 1035 899 


‘1 am going to name some institutions in this country. As far as the people running these mstitutions are concerned. would you say you have a great deal of 
confidence, only some confidence. or hardly any confidence at all in them?” 


NOTE: Survey was not conducted in 1979 and 1981. and question was not asked in 1985 


SOURCE: National Opinion Research Center. Genera! Social Surveys. Cumulative Codebook. J A. Davis and T W. Smith. principal investigators (Chicago University 
of Chicago. annual senes) 


See figure 7-7 Science & Engineering indicators - 1991 
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Appendix table 7-10. 
Assessments of genetic engineering research: 1985 and 1990 


_ Benefits exceed risks _ Risks exceed benefits 
Don't know 
Only About Only refused to 
Substantially slightly equal Substantially Slightly answer N 
Percent 
Total public 1985 23 26 2 14 25 12 2.005 
1990 20 26 5 18 18 13 2.033 
Male 1985 26 27 2 12 22 11 950 
1990 21 30 6 16 16 11 964 
Female 1985 19 24 2 14 27 15 1,054 
1990 19 27! 4 20 20 14 1.070 
Less than high 1985 19 28 1 12 23 17 507 
school graduate 1990 16 26 7 16 15 20 495 
High school graduate 1985 21 23 2 14 27 13 1.143 
or some college 1990 19 26 4 20 21 10 1.179 
College graduate 1985 32 29 2 12 18 8 349 
1990 29 25 5 15 14 12 359 
Attentive public 
for new scientific 
discoveries 1990 35 28 5 12 13 168 
Attentive public for 
medical discoveries 1990 31 25 3 16 13 1; 
Some persons have arqued that the creation of new life forms througn enelK engineering reseal f wshiules a SeTIOUS TISK. while her persons Na 
argued that this research may yield major benefits for society. In your «; mon, are the risks of genetic engineering research greater than the benefits 
the benefits greater than the risks? Would you say that the benefits have substantially exceeded the risks. « niy sightly exceeded the risks? Wo 
say that the nsks have substantially exceeded the benefits. or only sightly exceeded the benefit 
NOTE: Percentages may not total 100 because of rounding 
Offered as a response category for the first time in 1990: in prior years. volunteered by respondent 
SOURCES J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991). and unpublished tabulations 
See figure 7-8 Science & Enaineering Indicators - 1991 
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Appendix table 7-11. 
Assessments of nuclear power: 1985, 1988, and 199) 


Benefits exceed risks | _ Risks exceed benefits Don't know 
About refused to 
Substantially Slicshtly equal Siightly Substantially answer N 
Percent 
Tota! public +985 28 21 1 13 31 6 2.005 
1988 18 23 3 17 30 9 2.041 
1990 24 22 5 13 28 8 2,033 
Male 1985 37 21 1 a 26 6 950 
1988 . 23 26 2 15 25 9g 958 
1990 31 24 5 11 26 3 964 
Female 1985 18 21 2 16 35 8 1,054 
1988 14 20 3 18 32 12 1,083 
1990 17 21 4 15 30 13 1.070 
Less than high 1985 28 21 1 14 26 11 507 
school graduate 1988 15 25 4 18 25 14 530 
1990 21 20 6 13 23 18 495 
High school graduate 1985 27 21 2 12 32 6 1,143 
or some college 1988 18 22 3 17 33 9 1,155 
1990 23 23 4 13 32 6 1.179 
College graduate 1985 28 21 1 12 34 4 349 
1988 22 23 2 14 32 8 356 
1990 31 23 4 13 25 i 359 
Attentive public 
for new scientific 1583 26 34 4 16 25 4 174 
discoveries 1990 28 24 2 10 24 5 168 
Attentive public 1988 30 17 4 12 30 5 161 
for nuclear energy 1990 45 13 3 7 31 1 157 
Attentive public 1988 31 23 6 14 23 4 144 
for new technologies 1990 35 21 4 7 31 2 148 
Attentive public for 
environmental issues 1990 23 20 6 11 34 6 412 


In the current debate over the use of nuclear reactors to generate electricity, there is broad agreement that there are some risks and some benefits 
associated with nuclear power. in your opinion, are the risks associated with nuclear power greater than the benefits, or are the benefits associated with 
nuclear power greater than the risks? Would you say that the benefits have substantially exceeded the risks. or only slightly exceeded the risks? Would 
you Say that the risks substantially exceed the benefits, or only slightly exceed the benefits?’ 


NOTE: Percentages may not total 100 because of rounding 
Offered as a response category for the first time in 1990; in prior years, volunteered by respondent 


SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990. integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1991), and unpublished tabulations 


See figure 7-8 Science & Engineering indicators — 1991 
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Appendix table 7-12. 
Assessments of the space program: 1985, 1988, and 1990 


Benefits exceed costs Costs exceed benefits Don't know 
About refused to 
Substantially Slightly equal Slightly Substantially answer N 
Percent 
Total public 1985.... 27 26 2 14 24 7 2,005 
1988 22 24 3 18 26 9 2,041 
1990.... 18 24 5 16 31 6 2,033 
Male 1985 . 34 29 2 12 18 5 950 
1988. . 28 26 4 13 22 7 958 
1990. 23 25 5 15 27 5 964 
Female 1985. 21 23 3 16 30 7 1,054 
1988 . 16 22 3 22 29 8 1,083 
1990 14 22 4 16 35 9 1,070 
Less than high 1985.... 22 22 3 16 26 11 507 
school graduate 1988 15 25 3 20 29 8 530 
1990 15 20 7 15 32 11 495 
High school graduate 1985 26 27 2 14 26 5 1,143 
or some college 1988 . 21 23 3 17 27 9 1.155 
1990 17 25 3 16 33 6 1,179 
College graduate 1985 36 27 2 12 17 6 349 
1988 33 23 3 15 16 10 356 
1990 26 26 5 15 24 i 359 
Atte ntive public 
fer new scientific 1988 35 24 2 11 22 5 174 
discoveries 1990 26 35 5 14 18 2 168 
Attentive public 1988 33 28 1 4 23 5 144 
for new technologies 1990 27 31 2 12 26 2 148 
Attentive public for 1988 46 28 2 7 13 2 164 
space exploration 1990 35 34 3 11 15 2 123 


Many current issues in science and technology may be viewed as a judgment of relative nsks and benefits. or costs and benefits. Thinking first about the 
space program, some persons have argued that the costs of the space program have exceeded jis benefits, while other people have argued that the 
benefits of space exploration have exceeded its costs. in your opinion. have the costs of space ex: oration exceeded its benefits, or have the benefits of 
space exploration exceeded its costs? Would you Say that the benefits have substantially &»ceedec the costs, or only slightly exceeded the costs? Would 
you Say that the costs have substantially exceeded the benefits. or only slightly exceeded the benefits? 


NOTE: Percentages may not total 100 because of rounding 
Offered as a response category for the first time in 1990: in pnor years. volunteered by respondent 


SOURCES. J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991). and unpublished tabulations 


See figure 7-9 Science & Engineering indicators — 1991 
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Appendix tabie 7-13. 
Assessments of U.S. strength in education, innovation, and science: 1987 and 1989 


Very Very Don't 
strong Strong Weak weak know N 
Percent 
Our system of public education 1987.....10 38 40 7 5 4.244 
1989.....12 36 41 re) 2 2,048 
Technical and engineering innovation 1987..... 19 51 21 2 7 4.244 
1989.....17 52 24 3 4 2,048 
Scientific research 1989..... 23 56 14 2 5 2,048 


Q” 


“Would you say today that the United States is very strong, strong, weak, or very weak compared to other countries in the following areas 
SOURCE: Times Mirror Center for the People and the Press, “The People, Press, and Politics.” data diskette (Washington, DC: 1989) 
See figure 7-12 Science & Engineering indicators - 1991 


Appendix table 7-14. 
Public preferences for spending in the United States: 1973-90 


1983 1984 1985 1986 1987 1988 1989 1990 
Space exploration Wanllip. .... 2... n eee. 14 12 11 11 16 18 15 11 
program About right........... 40 43 44 43 38 42 44 44 
Toomuch......... 40 39 40 41 40 34 35 39 
Don't know/no answer. . 6 6 4 5 6 6 7 6 
improving and Too litle................. 54 58 56 59 65 65 71 71 
protecting the About right............... 31 32 31 29 25 26 20 19 
environment Toomuch.......... 8 4 8 5 5 5 4 5 
Don’t know/no answer... .... 7 5 5 7 6 5 5 6 
Improving and Too littile............ 57 57 58 58 67 66 68 72 
protecting the About right......... 34 31 33 34 26 28 25 22 
Nation’s health Too much.......... a 5 7 6 4 4 3 3 3 
Don't know/no answer... .... 4 5 3 4 3 4 4 3 
Dealing with Too litle... .......000... 59 62 62 58 65 68 70 64 
drug addiction About right............... 30 27 28 31 28 24 19 26 
Toomuch........... 5 6 5 6 4 4 6 7 
Don't know/no answer . 6 5 5 ~ 3 4 4 4 
improving the Too little... . ok ee we 60 63 60 60 61 63 67 71 
Nation’s education About right............. 31 31 31 32 30 29 27 23 
system Toomuch.......... 6 3 * 4 6 4 3 3 
Don't know/no answer . 3 3 4 3 3 4 4 4 
Military, Too little... 2. ..0.000... 24 17 14 16 15 16 14 10 
armaments, Aboutright............... 38 41 42 38 40 40 AC 42 
and defense Too much.... 32 38 40 40 40 38 39 42 
Don't know/no answer . 4 4 5 5 6 6 
1599 190 18! 18 68 
“We are faced with many problems in this country, none of which can be solved easily or inexpensively. /m going to name some of these problems. and fi re 
much money on it. too little money, or about the nght amount.’ 
NOTES: Survey was not conducted in 1979 and 1981. Percentages may not total 100 because of rounding 
SOURCE: Nationai Opinion Research Center, General Social Surveys, Cumulative Codebook, J. A. Davis and T.W. Smith. principal investigators (Chicago University of Chicag 
Science & £ 1g t 


See figure 7-13 and figure 0-25 in Overview 


L661 — ssojeoipuj BuiaauibuZ ¥ ADUaIDS 


€9Pp 


Appendix A. Appendix Tables 


Appendix table 7-15. 
international comparisons of public attitudes toward science and technology 


~ B C D E F G H N 
Percentage who agree 
Canada....._.. .... 80 52 45 NA 46 22 NA NA 1,000 
Europe’.............. 73 27 46 74 59 37 34 46 11.677 
Beigium...... 68 28 35 70 53 41 39 42 1,000 
Denmark ........ .. 68 29 38 72 58 34 16 40 1.013 
France............. 76 19 45 91 58 36 44 58 1,004 
Great Britain......_.. 76 27 44 83 51 29 24 42 976 
Greece............. 84 36 52 73 76 45 57 57 1.000 
lreland........0.... 70 20 45 74 54 35 28 48 1,006 
Italy... 222200202... 71 23 55 77 65 37 40 49 1,022 
Luxembourg......... 76 23 46 78 62 27 30 41 303 
The Netherlands...... 75 26 42 78 60 39 23 28 1,025 
Portugal............ 60 26 39 49 51 33 39 43 1,000 
Spain...... ees 19 57 72 70 46 38 57 1,001 
West Germany....... 74 24 38 53 53 36 29 35 1,024 
United States ..... .. 83 39 51 80 37 14 NA NA 2.033 


A “Science and technology are making our lives healthier, easier. and more comfortable 

B “On balance, computers and factory automation will create more jobs than they will eliminate.“ Canadian wording: “On balance 
more jobs will be created than lost as a result of computers and factory automation 

C “We depend too much on science and not enough on faith.” 

D “Even if it brings no immediate benefits, scientific research which advances the frontiers of knowledge should be supported by the 
government.” 

E “Science makes our way of life change too fast.’ 

F “It is not important for me to know about science in my daily life.” 

G “Scientists can be trusted to make the right decisions 

H “The benefits of science are greater than any harmtul effects. ~ 


NA = not asked 

“Europe” includes 300 respondents from Northern Ireland not otherwise broken out here 

SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. Integrated Codebook (Chicago Internationa 
Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991) E F E:nsiedel Scientific Literacy: A Survey 
of Adult Canadians (Calgary. Alberta: Graduate Program in Communication Studies. University of Calgary. 1990). and Commission 


of the European Communities. unpublished “ulations 
See figure 7-16 Science & Engineering indicators — 1991 
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Appendix table 7-16. 
Japanese public attitudes toward science and technology: 1990 


Strongly Strongly Not sure 
agree Agree Disagree disagree don't know 
Percent 
1. “Science and technology are making 
our lives healthier, easier, and 
more comfortable”............. s .. 14 40 26 6 13 
2. “Science and technology are making 
Our jobs more interesting.” . . . er 10 32 31 5 22 
3. “The widespread use of robots and 
computers is decreasing the number 
me 12 44 28 5 13 
4. “Science and technology will solve 
most of the economic and social 
probiems we face today.” .. . fat 4 20 44 14 17 
5. “The study of science and mathematics 
in school is helpful in developing 
Students’ ability to think logically 
and systematically.” 7 41 27 6 18 
6. “in comparison to other countries, 
Japan doesn't have a good environment 
in which the individual creative 
scientist can work and develop.” 14 44 19 3 20 
Not Dont 
Improved changed Worsened know 
7. “Do you think science and technology have 
improved, worsened, or not changed the 
following?” 
Our standard of living 76 15 3 6 
Working conditions 48 24 14 14 
Morality 8 35 38 20 
About the | Don t 
Positive same Negative know 
8. “Science and technology have both positive 
and negative effects. Which do you think 
has been greater—the positive effects 
or the negative effects?” 53 31 7 10 


N = 2.239 
NOTE: Percentages may not total 100 because of rounding 


SOURCE: Office of the Prime Minister of Japan. Public Relations Office. Opinion Survey on Science. Technology. and Society T Weict 
transiator (Washington, OC: Science Resources Studies Division. National Science Foundation. 1991) 


See figure 7-17 Science & Engineering indicators - 1991 


466 Appendix A. Appendix Tables 


Appendix table 7-17. 
interest in and knowledge about science and technology issues 


Percentage very interested in Percentage very well-informed about 
New New New New New New 
scientific inventions medical scientific inventions medical 
discoveries and technology discovernes discovenes and technology discoveries N 

Canada’............ .. 45 38 59 16 12 29 1,000 
Europe’....... ea 32 41 12 12 14 11,677 
Beigium........ es 28 28 35 12 12 13 1,000 
Denmark....... ee 28 28 30 9 11 11 1.013 
France ..... cece eneee ae 48 61 18 17 22 1,004 
Great Britain .__ . - 36 37 43 10 11 11 976 
Greece........ (ae eure 23 20 27 5 5 6 1,000 
lreland ............... 28 30 32 9 10 9 1,006 
eee 39 34 46 18 16 23 1.022 
Luxembourg ..... -... 42 37 41 11 12 J 303 
The Netherlands . . 45 46 59 13 16 20 1.025 
Portugal .... er ... 21 20 25 5 5 6 1,000 
Spain . ore - 22 22 20 7 7 6 1,001 
West Germany. 24 19 32 4 10 10 1,024 
United States. . a 39 39 68 14 11 24 2.033 


The Canadian questionnaire asked about interest in “stones about medicine and health 
“Europe” includes 300 respondents from Northern ireland not otherwise broken out here 


SOURCES: J.D. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chicago. international Center t 
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1991). E F Einsiedel. Scientific Literacy A Survey of Adult ws (4 
Alberta: Graduate Program in Communication Studies. University of Caigary. 1990). and Commussion of the European Communit» 
tabulations 


See figure 7-18 Science & Enqineenng indicat 
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Appendix table 7-18. 
Canadian, European, and U.S. perceptions of astrology 


Very Sort of Not at ail Don't 
scientific scientific scientific know N 
Percent 
Canada 10 35 49 7 1.000 
Europe 14 41 32 13 11,677 
Belgium 13 38 35 15 1.000 
Denmark 13 48 24 15 1.013 
France 11 50 31 8 1,004 
Great Britain 16 38 40 7 976 
Greece 18 35 25 22 1.000 
ireland 18 34 7 21 1.006 
Italy 12 34 40 15 1,022 
Luxembourg 12 50 34 6 303 
The Netherlands 11 46 31 12 1.025 
Portugal 19 29 i5 27 1.600 
Spain 30 34 16 21 1.001 
West Germany 8 46 32 14 1.024 
United States 6 29 60 5 2.033 


NOTE: Percentages may not total 100 because of rounding 
Europe” includes 300 respondents from Northern ireland not otherwise broken out here 


SOURCES _.D. Miller. Public Attitudes Toward Science and Technology. 1979-1990. integrated Codebook (Chica 
internatior,.... venter for the Advancement of Scientific Literacy. Chicago Academy of Sciences. 1991). E F Einsiede 
Scientific Literacy. A Survey of Adult Canadians (Calgary. Alberta Graduate Program in Communication Stud 
University of Calgary. 1990). and Commission of the European Communities. unpublished tabulatior 


See figure 7-19 Soence & f ngineering j 
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Appendix table 7-19. 
Canadian and U.S. knowledge of science and technology 


Respondents answering correctly 


Canada United States 
Percent 
A. “The center of the earth is very hot. 85 73 
B. “The oxygen we breathe comes from piants.” 80 85 
C. “Electrons are smaller than atoms.” 47 41 
D. “Hot air rises.” 96 95 
E. “The continents are moving slowly about on 
the surface of the earth.” 75 77 
F. “Human beings. as we know them today, 
developed from earlier groups of animals.” 58 45 
G. “The earliest humans lived at the same time 
as the dinosaurs.” 46 47 
H. “Which travels faster: light or sound?” 74 75 
|. “Lasers work by focusing sound waves.” 38 37 
J. “Does the earth go around the sun. or does 
the sun go around the earth?” 78 73 
K. “How long does it take for the earth to go 
around the sun?” 51 48 
N = 2.000 2.033 
Number of questions answered correctly 
0 0.3 0.3 
1 05 0.7 
2 17 19 
3 3 ~ 5 2 
4 6.1 77 
5 00 113 
6 14 136 
7 163 152 
8 144 153 
a 13.7 12.3 
10 10.5 97 
11 a8 67 
Mean 72 700 
Alpha 0.67 0 68 
Standard deviation 2.31 2.37 


Canadian wording. U S. wording was as follows “The continents on which we live have beer 
moving their jocaiion for millions of years and will continue to move in the future 


Canadian wording US. worcing was as follows “Human beings. as we know them today 
Jeveloped from earlier species of anumals 


Question K was asked if J was answered correctly 


SOURCES EF. Einsiedel. Scientific Literacy: A Survey of Adult Canadians (Calgary. Alberta 
Graduate Program in Communication Studies. University of Calgary. 1990). unpublished 
tabulations, JD. Miller, Public Attitudes Toward Science and Technology. 1979-1990. integrated 
Codebook (Chicago. international Center for the Advancement of Scientific Literacy. Chicag 
Academy of Scrences. 1991 


——_— 
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See figure 7-2 Science & Engineering indicator 1997 
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A B Cc D E F G H | J N 
Percentage answering correctly 
Europe 85 81 41 69 47 24 37 57 83 52 11.677 
Belgium 85 66 44 65 36 17 31 51 78 50 1.000 
Denmark 91 85 35 65 54 50 40 70 81 53 1.013 
France 87 82 46 84 49 21 33 69 84 56 1.004 
Great Britain 88 76 38 76 56 40 51 73 75 45 976 
Greece 78 73 45 51 24 15 17 31 81 55 1.000 
lreland 84 67 34 58 42 29 29 54 7 50 1.006 
Italy 80 89 44 72 35 11 32 54 91 58 1022 
Luxembourg 85 86 48 76 59 12 41 67 86 57 303 
The Netherlands 87 86 43 75 56 21 50 69 77 42 1.025 
Portugal 68 73 33 40 26 6 18 25 80 42 1.000 
Spain 7 71 36 60 35 24 25 44 80 55 1.001 
West Germany 35 89 39 59 59 30 43 49 86 51 1.024 
United States 79 85 41 77 47 30 37 63 73 48 2.033 
Number of questions answered correctly 
0 1 2 3 4 5 6 7 8 4 10 Mean Alpha SD N 
Percentage of respondents 
Denmark 14 2.1 3.3 7.1 93 129 154 152 143 123 68 623 071 357 1 
Great Britain 09 24 44 97 98 96 145 150 143 106 87 617 O73 458 ve 
Luxembourg 03 30 46 53 96 129 155 165 178 106 40 617 070 245 
France 04 14 36 70 106 142 174 171 138 113 32 611 ) 65 
The Netherlands 07 22 34 68 129 135 149 1460 149 110 37 605 
West Germany 01 O09 30 95 13.1 169 170 136 116 8 6.1 597 
United States 06 26 54 92 130 1145 160 1390 105 } 6.1 579 
EUROPE 15 26 52 93 119 41 #153 1142 = «121 } if 7 68 
italy 08 25 64 97 124 151 141 150 12 88 6t 44 
Beigium 27 33 68 115 141 148 157 128 a. t 4 } 355 
lreland 35 46 72 100 138 148 145 122 7 ‘ 19 r 2.474 
Spain 48 53 86 107 126 145 127 105 ) B 3 O76 2 603 ’ 
Greece 51 58 86 116 139 144 174 118 57 ‘ 471 73 393 
Portugal! 80 93 132 122 127 147 110 83 ? } 109 7 481 1 OOF 
AT? ¥ f the 7h 1s ve 
B “The oxygen we breathe es from plants 
Ee are vier than atoms 
European wording “The fine we mM wily abou the aCe thve + 
E The earhest t ' ed at the sare 1s the dinosa 
} Antd k é 1S Ww 1S Dacteria 
; work Dy J waves 
f pean wor 4 10a fy s ; We US mg isa 10a y wwnace ' 
ee f arth 7 y joes the « 04 10 the earti 
Asked if Ove 1s answe rectly) How long does it take for the ear 0a j 
f esi jer n Norte eland not otherwise ke th 
Mar ; quest nswered rer 
4 deviat 
Miller, Put Ar jes Toward Scu nd Tech gy. 1979-1991 egrat b " 
tnd . ty tera Chicag? Academy er 19 publisihe it af } 
ed tabulat 


BLANK 


Appendix table 7-21. 
U.S. public assessments of U.S. international position in basic scientific achievements: 1990 


Europe — apan _____ Sowet Union 
U.S. About U.S. U.S. About U.S US. About US. 
is the iS Don't is the iS Don't iS the ig Don't 
ahead same behind know ahead same behind § know ahead same behind know N 
Percent 

Total public............ - 46 36 14 4 23 25 50 3 61 28 7 3 2,033 
Gender.................. 

ML 6 5 90 axe eh aw ud 55 30 13 2 29 25 45 1 71 22 4 2 964 

Female ............... 38 41 15 6 18 24 54 4 52 34 10 4 1,070 
Degree level.............. 

No high school degree .... 38 36 15 10 27 24 43 6 46 39 8 7 495 

High school graduate’... .. 47 36 15 2 20 25 55 1 62 28 8 2 1,179 

College graduate ........ 53 35 10 2 31 25 43 2 79 15 4 2 359 
Science & math education 

a ee 44 36 14 6 23 26 48 3 55 33 9 4 1,263 

Medium............... 50 34 15 2 22 21 56 1 67 25 6 2 523 

OU bv oe vidavevens ves 49 38 11 2 28 26 45 2 82 14 4 1 248 
Age 

ee ee 43 38 17 3 11 22 65 1 54 35 11 1 322 

ere 45 39 12 4 20 25 51 3 60 31 7 2 497 

Sa 53 30 15 3 24 24 51 1 68 22 8 2 366 

46-G4.. ww eee. 47 35 14 4 32 23 44 1 63 26 8 3 533 

65 and older............ 42 37 14 6 25 29 39 7 59 28 4 8 315 
Attentive publics 

New scientific discoveries . . 55 29 16 : 34 23 42 . 74 20 6 168 

New technologies........ 61 27 12 . 33 23 44 . 78 19 3 148 

Nuclear policy........... 56 27 17 * 26 27 46 * 76 22 2 157 

Medical discoveries....... 50 33 17 . 26 24 50 . 64 28 8 323 

Space exploration........ 60 34 6 . 38 25 38 ’ 77 20 2 123 

Environmental pollution. .. . 50 34 17 . 27 21 52 . 69 27 4 412 
“Now, let me ask you to think about the relative position of the United States in the world in regard to science and technology. In terms of basic scientific achkeevements. would you Say that the United 


States is ahead of Europe [Japan, Soviet Union], behind Europe [Japan, Soviet Union], or at about the same level?” 
* = less than 0.5 percent 

NOTE: Percentages may not total 100 because of rounding. 

‘Includes respondents with associate degrees. 

*For an explanation of the education index, see chapter 7, “The Science and Mathematics Education Index,” p. 172 


SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, Integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago 
Academy of Sciences, 1991); unpublished tabulations. 
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Appendix table 7-22. 
European assessments of international positions in science and technology: 1989 


United States Japan 
Europe is Europe is At the Europe is Europe is At the 
more advanced less advanced same level more advanced less advanced same level N 


Scientific discoveries 


Percent 
Europe’............ 13 46 29 27 41 18 11,677 
Belgium ......... 14 46 26 20 44 18 1,000 
Denmark......... 7 45 35 15 54 17 1,013 
France .......... 19 34 38 28 41 21 1,004 
Great Britain...... 18 40 32 30 41 18 976 
Greece.......... 12 61 12 14 57 11 1,000 
reland.......... 10 53 23 20 47 14 1,006 
Italy 2 2, 8 58 22 22 48 14 1,022 
Luxembourg ...... 8 44 27 22 40 15 303 
The Netherlands... 14 42 33 30 41 18 1.025 
Portugal......... 10 42 18 15 39 15 1,000 
Spain........... 7 66 12 14 60 7 1.001 
West Germany .... 15 38 40 39 22 30 1,024 


Technology and industry 


Europe’............ 15 42 29 13 61 14 11.677 
Belgium ......... 12 44 26 11 55 17 1,000 
Denmark......... 4 44 32 7 74 8 1.013 
France .......... 14 39 34 14 62 14 1.004 
Great Britain...... 21 37 31 12 67 13 976 
Greece.......... 12 59 12 10 62 10 1.000 
lreland.......... 14 47 24 11 61 11 1,006 
Italy 2. 11 49 24 10 66 10 1,022 
Luxembourg ...... 14 38 25 10 55 13 303 
The Netherlands... 18 34 34 11 64 15 1,025 
Portugal......... 8 42 20 g 47 14 1.000 
Spain........... 5 65 13 8 68 6 1.001 
WestGermany .... 23 30 38 20 49 23 1,024 


Technological advances applied in everyday life 


Europe’............ 13 47 27 19 48 19 11,677 
Belgium ......... 10 49 25 14 46 21 1,000 
Denmark......... 10 43 29 15 52 16 1,013 
France.......... 15 40 32 18 49 19 1,004 
Great Britain...... 15 49 25 20 51 17 976 
Greece.......... 12 57 12 11 59 10 1,000 
lreland.......... q 51 23 16 49 16 1,006 
Italy 2... 8 58 20 14 58 11 1.022 
Luxembourg...... 14 44 22 15 46 18 303 
The Netherlands... 14 43 29 23 42 21 1.025 
Portugal......... 7 42 20 9 45 16 1,000 
Gpem........... 6 61 13 9 60 10 1.001 
West Germany .... 18 33 39 31 26 32 1,024 


“For each of the following fields, could you tell me whether you think Europe is ahead or behind or at the same level as the United States 
[Japan]?” 
NOTE: Nonresponses and “don't know” are omitied. 
“Europe” includes 300 respondents from Northern Ireland not otherwise broken out here 
SOURCE: Commision of the European Communities, unpublished tabulations. 
Science & Engineering Indicators - 1991 
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Appendix table 7-23. 
U.S. public assessments of U.S. international position in military technology: 1990 


Europe Japan Soviet Union 
U.S About U.S U.S. About U.S U.S. About US 
is the is Don't is the iS Don't iS the iS Don't 
ahead same behind know ahead same _ behind know ahead same behind know N 
Percent 
Total public ............... 69 26 3 2 71 18 7 4 46 42 9 3 2,033 
Gender 
Male ................. 78 19 2 1 84 11 4 1 54 37 8 1 964 
Female........... oe 61 31 4 4 59 25 10 6 39 46 11 4 1.070 
Degree levei 
No high school degree... . . 55 37 o 4 62 22 8 8 41 43 10 7 495 
High school graduate’... .. 71 24 3 2 71 19 8 2 45 44 10 1 1.179 
College graduate........ 82 15 2 2 84 9 4 3 60 33 5 2 359 
Science & math education 
Low.............2.... 64 30 4 3 65 21 g 5 43 44 9 4 1.263 
Medium ............... 75 21 3 2 77 15 6 2 48 41 10 1 523 
WS eo sa kee ise eo eee d 86 12 1 1 87 10 3 1 61 32 6 1 248 
Age 
18-24....... (ivee ewes 68 25 5 2 67 20 11 2 28 58 14 1 322 
25-34....... rere rrrr 70 25 3 2 71 18 8 3 45 44 10 1 497 
35-44....... eee Tere 75 22 3 1 74 18 5 3 49 40 9 1 366 
45-64................. 70 25 3 2 78 14 5 2 56 34 7 3 533 
65 andolder............ 61 32 2 5 59 24 7 10 48 37 6 9 315 
Attentive publics 
New scientific discoveries . . 77 23 1 80 15 6 54 36 10 168 
New technologies........ 74 24 1 83 10 7 59 35 6 148 
Nuclear poiicy........... 85 15 : 80 16 4 66 28 6 157 
Medical discoveries....... 77 22 2 73 21 6 52 39 10 323 
Space exploration........ 79 21 1 87 11 3 58 35 123 
Environmental pollution... . 80 19 2 79 17 5 55 38 412 
“In terms of military technology, would you say that the United States is ahead of Europe [Japan, Soviet Union], behind Europe [Japan. Soviet Union]. or at about the same level” 
* = less than 0.5 percent 
NOTE: Percentages may not total 100 because of rounding. 
‘Includes respondents with associate degrees. 
*For an explanation of the education index, see chapter 7, “The Science and Mathematics Education Index,” p. 172 
SOURCE: J.D. Miller, Public Attitudes Toward Science and Technology, 1979-1990, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy. Chicago 
Academy of Sciences, 1991); unpublished tabulations 
See text table 7-6. Science & Fnqineering Indicators - 1991 
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AAAS 
APL 


CAD/CAE 
CCSSO 
CEHR 


CFCs 
CPRE 
CRADA 


DCAA 
DOC 
DOD 
DOE 


EC 
FFRDC 


FITA 
FY 


GNP 
GSP 
GSS 
GUF 


HDTV 
HHS 


IR&D 
ISIC 


American Association for the Advancement 
of Science 
Applied Physics Laboratory 


computer-aided design and engineering 

Council of Chief State School Officers 

Committee on Education and Human 
Resources 

chlorofluorocarbons 

Center for Policy Research in Education 

cooperative research and development 
agreement 


Defense Contract Audit Agency 
Department of Commerce 
Department of Defense 
Department of Energy 


European Community 


federally funded research and development 
center 

Federal Technology Transfer Act 

fiscal year 


gross national product 
gross state product 
General Social Survey 
general university funds 


high-definition television 
Department of Health and Human Services 


independent research and development 
International Standard Industrial 
Classification 


joint research and development venture 


Longitudinal Study of American Youth 


NAEP 


NAS/NRC 


NASA 


NCRA 
NCTM 


NELS:88 


NIH 
NORC 
NS&E 
NSF 


OECD 


OES 
OMB 


R&D 
R&E 
RDT&E 


S&T 
SASS 
SAT 
SBA 
SBIR 
SES 
SIC 
SIR 
SME 
SS&C 


USDA 
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National Assessment of Educational 
Progress 

National Academy of Science/ National 
Research Council 

National Aeronautics and Space 
Administration 

National Cooperative Research Act of 1984 

National Council of Teachers of 
Mathematics 

National Education Longitudinal Study of 
1488 

National Institutes of Health 

National Opinion Research Center 

natural science and engineering 

National Science Foundation 


Organisation for Economic Cooperation 
and Development 

Occupational Employment Statistics 

Office of Management and Budget 


research and development 
research and experimentation 
research, development, test, and evaluation 


science and technology 

Schools and Staffing Survey 

Scholastic Aptitude Test 

Small Business Administration 

Small Business Innovation Research 
socioeconomic status 

Standard Industrial Classification 

statutory invention registration 

science, mathematics, and engineering 
Scope, Sequence, and Coordination project 


Department of Agriculture 
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AAAS (American Association for the 
Advancement of Science), 36 

Academic degrees. See Degrees. 

Academic earmarking, 119 

Academic R&D. See also Applied research; 
Basic research; Development: Indus- 
trial R&D; Research and develop- 


ment. 

age structure of researchers, 128, 
378-379 

doctoral scientists and engineers in, 
124-129, 375-383 


facilities and instrumentation spending 
for, 120-123, 363-369 
funding for 
by character of work, 116, 347-349 
by field, 117-118, 354-358 
by states, 105-107, 335-336 
distribution of funds, 117, 118, 351-353 
expenditures per researcher, 129 
Federal support, 116-121, 129, 348-353. 
359-363, 382-383 
indirect costs, 119-120, 121 
national context of, 116, 347-349 
national spending patterns, 4-5, 90-93, 


306-311 
sources of funds, 10, 11, 116-117. 118, 

348-353 
geographic distribution of, 124, 125, 

373-374 


graduate students in, 130, 384-387 
highlights, 114-115 
institutional base for, 123-124, 370-372 
literature from. See Literature. 
overview of, 2, 9-10, 11 
participation of researchers, 128, 380-381 
patents resulting from, 130-131, 390-399 
Acid rain, public knowledge of, 173, 454 
Aeronautical/astronautical engineering 
academic R&D 
doctoral researchers, 124-129, 375 
expenditures for, 117-118, 354-358 
Federal obligations for, 119, 362-363 
bachelors degrees in, 272 
doctoral recipients in, 75-79, 286-296 
masters degrees in, 273 
R&D jobs in, 71, 72, 267-271 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
67-72, 267-271 
Aerospace, S&E jobs in, 68, 69 
African Americans. See Black Americans. 
Agricultural sciences, baccalaureate institu- 
tions of doctorate recipients, 47-48, 
226 
Agriculture, degrees in, 84-85, 303-304 
Agriculture, Department of (USDA) 
academic R&D expenditures, 118-120, 
359-363 
CRADAs, 102, 103 
investment in precollege science /mathe- 
matics education, 222 
R&D support, 94-97, 313-318 
SBIR awards, 97, 327 
Agriculture R&D, funding for, 101, 333 
Alaskan Natives, precollege science class- 
room experiments, 29, 220 
American Association for the Advancement 
of Science (AAAS), 36 
American Indians. See Native Americans. 
Animals, public attitudes to research with, 
181, 182, 455-456 


Applied research. See also Academic R&D: 
Basic research; Development: Indus- 
trial R&D: Research and develoy- 
ment. 

defined, 91 

Federal obligations for, 94-97, 313, 315, 
318-320, 324-326 

funding for, 116, 347 

national spending patterns, 4-5, 92, 93. 
310, 312 

Architectural services, S&E jobs in, 70 

Articles. See Literature. 

Asia 

high-technology products, royalties and 
license fees, 140-142, 411 
immigrant scientisis and engineers trom, 
83, 297 
NS&E bachelors degrees awarded in, 
59-2, 263-264, 266 
population of 20- to 24-vear-olds, 61, 265 
Asian Americans 
degrees 
bachelors, 51, 236 
doctoral, 55, 248-249 
masters, 54, 245 
doctoral academic researchers, 126-128, 
129, 376-377 
doctoral S&E employment, 78-79, 
288-289 
graduate enrollments, 53, 240 
precollege enrollments, 26, 217-218 
precollege science classroom experi- 
ments, 29, 220 
salaries for recent S&E graduates, 74, 
274-275 

Astrology, public attitudes toward, 186-187, 
467 

Astronautical engineering. See Aeronauti- 
cal/astronautical engineering. 

Attitudes, public. See Public attitudes toward 

Australia, advanced technology use, 155-157, 
445 


bachelors degrees. See Degrees, bachelors. 
Balance of trade, 10, 11, 140, 141, 409-410 
Basic research. See also Academic R&D; 
Apolied research; Development; In- 
dustrial R&D; Research and develop- 
ment. 
defined, 91 
Federal obligations for, 94-97, 313, 315, 
317-323 
funding for, 10, 11, 100, 108, 116, 331, 
344, 347, 456 
national spending patterns, 4-5, 92, 93, 
309, 312 
Behavioral sciences 
bachelors degrees in, 238 
freshman intentions as predictors of bach- 
elors degrees in, 52, 238 
Belgium 
patents granted to inventors from, 
147-149, 430, 431 
public attitudes toward S&T, 182-184, 
464 
astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187-188, 469 
Biological sciences. See also Life sciences. 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
freshman planned major in, 9, 49, 229 


precollege studies, qualifications of teach- 
ers, 31,32 
projected job growth in, 80-82 
Biology 
articles in, 129-130, 388-389 
precollege studies, enrollments in, 25-26, 
211,217 
Biomedical research, articles in, 129-1530, 
388-480 
Black Americans. See also Ethnic compar- 
isons. 
degrees 
bachelors, 51, 236 
doctoral, 55, 248-249 
masters, 4, 245 
doctor acade mic researchers, 126-128, 
129, 376-377 
doctoral S&E employment, 78-79, 
intended majors of top mathematics SAT 
scorers, 25, 209-210 
precollege enrollments, 26, 211-212, 
217-218 
precollege science classroom experi- 
ments, 29, 220 
precollege students 
geography proficiency, 20-21 
mathematics proficiency, 18, 202, 204 
science proficiency, 1,, 199, 201 
S&E graduate enrollments, 55-54, 240 
salaries for recent S&E graduates, 74, 
274-275 
Brazil, patents granted to foreigners, 150, 
140-441 
Britain. See United Kingdom. 
British Columbia. See Canada. 
Budget authority, defined, 91 
Business. See also Industry. 
freshman planned career in, 49-50, 231 
as intended major of top mathematics SAT 
scorers, 22-23, 206-210 
small. See High-technology companies, 
small business. 
Business conditions, public attitude toward, 
449, 450 
Business and related services, S&E jobs in, 
69, 70, 269 


Canada 

advanced technology use, 155-157, 445 

articles in S&T, 10, 150, 388, 389 

GDP per capita, 400 

hightechnology company ownership, 448 

high-technology products, royalties and 
license fees, 140-142, 411-414 

immigrant scientists and engineers from, 
85, 297 

NS&E bachelors degrees awarded in, 
60-62, 263, 266 


patents 
grants to inventors from, 147-149, 430, 
431 
interpatent citations, 153, 442 
public attitudes toward S&T, 182-184, 
164 


astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187, 468 
R&D expenditures in the U.S. by, 110, 
346 
Carnegie classification, 45-46, 47, 223-226 
CCSSO (Council of Chief State School 
Officers), 26 
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Center for Policy Research in Education 
(CPRE) study, 38-39 
Central America, immigrant scientists and 
engineers trom, 83, 297 
Challenger accidert, public reaction to, 
1/8-i79 
Chemical engineering 
academic R&D 
doctoral researchers, 124-129, 375 
expenditures for, 117-118, 354-358 
Federal obligations for, 119, 362-363 
bachelors deg rees in, 272 
doctoral recisients in, 75-79, 286-296 
masters degrees in, 273 
R&D jobs in, 71, 72, 267-271 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
67-72, 267-271 
Chemicals and allied products, S&E jobs in, 
68, 69, 271 
Chemistry 
articles in, 129-130, 388-389 
precollege enrollments, 25-26, 211, 217 
China 
immigrant scientists and engineers from, 
85, 297 
NS&E bachelors degrees awarded in, 
60-82, 263-264, 266 
population of 20- to 24-year-olds, 61, 265 
Civil engineering 
academic R&D 
doctoral researchers, 124-129, 375 
expenditures for, 117-118, 354-358 
Federal obligations for, 119, 362-363 
bachelors degrees in, 272 
doctoral recipients in, 75-79, 286-296 
masters degrees in, 273 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
67-72, 267-271 
Clinical medicine, articles in, 129-130, 
388-389 
Clinical psychologist, freshman planned 
career as, 49-50, 231 
College degrees. See Degrees. 
College students. See Students, graduate and 
undergraduate. 
Colleges and universities 
Carnegie classification of, 45-46, 47, 
223-226 
Congressional earmarking to, 119 
Enrollments in 
graduate, 52-54, 58-59, 239-243, 260 
undergraduate, 48, 50, 51, 234 
Federal R&D obligations to, 95, 318-320 
geographic distribution of R&D funds, 
103, 335-336 
patents awarded to, 130-131, 390-399 
R&D in. See Academic R&D. 
Commerce, Department of (DOC) 
CRADAs, 102, 103 
DOC-3 classification of industries, 136 
investment in precollege science /mathe- 
matics education, 222 
R&D support, 94-97, 313-318 
SBIR awards, 97, 327 
Communications, S&E jobs in, 70, 268 
Competitiveness in world markets. See 
Global marketplace. 
Computer programmer, freshman planned 
career as, 49-50, 231 
Computer sciences 
academic R&D 
doctoral researchers, 124-129, 375-383 


expenditures for, 117-118, 125-124, 
354-358, 370 
facilities and instrument spending. 
120-123, 364-368 
Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 384-385 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 235-238, 272 
doctoral, 54, 55-56, 247-248 
masters, 53-55, 244-246, 273 


doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 

Federal obligations for research in, 95-97, 
321-326 


freshman intentions as predictors of bach- 
elors degrees in, 52, 238 
freshman planned major in, 9, 49, 229 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-5, 
252, 254 
immigrants in, 83, 297 
as intended major of top mathematics 
SAT scorers, 22-23, 206-210 
projected job growth in, 80-82 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
Computer services, S&E jobs in, 70 
Computer specialists 
dominance of science employment 
growth, 70 
R&D jobs, 71, 72, 267-271 
scientists and engineers employed as, 6, 
67-72, 267-271 
Congressional earmarking to colleges and 
universities, 119 
Consortia. See R&D consortia. 
Construction, S&E jobs in, 69, 70, 268 
Cooperative research and development 
agreements (CRADAs), 102, 108 
Council of Chief State School Officers 
(CCSSO), 26 

CPRE (Center for Policy Research in 
Education) study, 38-39 

CRADAs (cooperative research and develop- 
ment agreements), 102, 103 


Data processing services, S&E jobs in, 70 
Defense, Department of (DOD) 
academic R&D expenditures, 118-121, 
359-363 
CRADAs, 102, 108 
investment in precollege science /mathe- 
matics education, 222 
IR&D program, 98-99, 1430, 329 
R&D support, 94-97, 313-318 
S&E graduate student financial support, 
57-58, 252-253, 256-258 
SBIR awards, 97, 327 
Defense policy, public attitude toward, 168, 
449, 450 
Defense R&D, funding for, 99-100, 330-331 
Defense spending, public preferences for, 
181, 463 
Degrees 
bachelors 
by Carnegie classification, 46, 223 
NS&E degrees awarded, 59-62, 
263-264, 266 
S&E degrees awarded, &, 46, 50-52, 
223, 235-238, 272 
doctoral 
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baccalaureate Mstitutions of recipients, 
1,—1s, 226 
by Carnegie classification, 46, 47, 225 
foreign recipients of, 9, 59, 261-262 
NS& BE, 85, 304 
ratio of awards to bachelors de grees, oO, 
251 
S&E degrees awarded, 46, 47, 54, 55-56, 
225, 247-251 
time from bachelors degree to, 55-56, 
250 
masters 
by Carnegie classification, 45-47, 224 
SKE degrees awarded, 46-47, 53-55, 
224, 244-2416, 273 
NS&E 
doctoral, 85, 304 
as first dewree, 84-85, 303 
Demand 
for precollege teachers, 33-35 
for scientists and engineers, 79-83 
Denmark 
public attitudes toward S&T, 182-184, 
164 
astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187-188, 469 
Development 
defined, 91 
Federal obligations for, 04-97, 314, 316, 
318-320 
funding for, 116, 347 
national spending patterns, | 
311-312 
DOC. See Commerce, Department of 
DOC-3 classification of industries, 156 
Doctoral degrees. See Degrees, doctoral 
DOD. See Defense, Department of 
DOK. See Energy, Department of. 
DOT. See Transportation, Department of 
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-armarking to colleges and universities, 119 
Earth sciences, articles in, 129-130, 388-389 
Larth/ space sciences 
as intended major of top mathematics 
SAT scorers, 206-210 
precollege enrollments, 211 
Kast Germany, patents granted to inventors 
from, 147-149, 430, 431 
EC. See European Community. 
Education. See also Students. 
graduate 
enrollments in, 52-54, 58-59, 239-243, 
260 
financial support, 97-58, 252-259 
highlights, 44-45 
overview of, 8-4 
index of science & mathematics educa 
tion, 172 
as intended major of top mathematics 
SAT scorers, 22-25, 206-210 
precollege 
barriers to minority and impoverished 
students, 28-0, 220, 222 
classroom activities, 27-28, 219-221 
enrollments, 24-27, 211-218 
federal role in, 35-36, 222 
geography proficiency, 20-21 
highlights, 14-15 
intended majors of top mathematics 
SAT scorers, 22-25, 206-210 
international context of achievement, &, 
21-22 
mathematics proficiency, 7, 18-20, 
202-205 
national efforts supporting, 35-37, 222 
national goals for, 16,35 
overview of, 6-8 


S&E interests of students, 24 
science proficiency, 7, 17-18, 199-201 
state reform movements, 37-39 
public attitudes toward, 12, 179-180, 181, 
462 
public spending preferences for, 181, 463 
science literacy and, 169-170, 451, 452 
undergraduate 
enrollments in, 48, 50, 51, 234 
financial support, 56-57 
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recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
67-72, 267-271 
Media, for science knowledge, 169-170, 451, 
452 
Medical discoveries 
attentiveness concept, 171, 453 
public attitudes toward, 168, 186, 449, 
450, 466 
Mexico, immigrant scientists and engineers 
from, 83, 297 
Middle East, immigrant scientists and engi- 
neers from, 83, 297 


Military, public spending preferences for, 
181, 463 
Military policy, public attitude toward, 168, 
449, 450 
Military technologies, public attitudes 
toward, 190, 472 
Mining engineering 
bachelors degrees in, 272 
masters degrees in, 273 
recent S&E graduates in, 72-75, 272-285 
S&E jobs in, 69, 70, 268 
salaries for recent graduates in, 72-74, 
274-275 
Minorities. See Ethnic comparisons. 
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NAEP. See National Assessment of 
Educational Progress. 
National Aeronautics and Space 
Administration (NASA) 
academic R&D expenditures, 118-120, 
359-363 
investment in precollege science/mathe- 
matics education, 222 
IR&D program, 98-99, 143, 329 
R&D support, 94-97, 313-318 
SBIR awards, 97, 327 
National Assessment of Educational 
Progress (NAEP) 
classroom activities, 27 
geography proficiency, 20-21 
mathematics proficiency, 18-20, 202-205 
overview, 16 
science proficiency, 17-18, 199-201 
Trial State Assessment Program, 20, 205 
National Cooperative Research Act of 1984 
(NCRA), 102 
National Council of Teachers of 
Mathematics (NCTM), 36 
National Education Longitudinal Study of 
1988 (NELS:88), 27-30, 32 
National Institutes of Health (NIH) 
academic R&D expenditures, 118-121, 
359-363 
indirect costs of research grants, 119-120, 
121 
R&D support, 94-97, 313-318 
S&E graduate student financial support, 
57-58, 252-253, 256-258 
National Opinion Research Center (NORC), 
176-177, 458 
National Research Council (NRC), 36 
National Science Foundation (NSF) 
academic R&D expenditures, 118-121, 
359-363 
indirect costs of research grants, 119-120, 
121 
investment in precollege science /mathe- 
matics education, 35-36, 222 
R&D support, 94-97, 313-318 
S&E graduate student financial support, 
57-58, 252-253, 256-258 
SBIR awards, 97, 327 
National Survey of Academic Research 
Instruments and Instrumentation 
Needs, 122-123, 369 
National Survey of Science and Mathematics 
Education, 27 
Native Americans 
degrees 
bachelors, 51, 237 
doctoral, 55, 248-249 
masters, 54, 246 
doctoral acaden.ic researchers, 126-128, 
129, 376-377 
precollege enrollments, 217-218 


precollege science classroom experi- 
ments, 29, 220 
S&E graduate enrollments, 53, 54, 241 
salaries for recent S&E graduates, 74, 
274-275 
Natural science and engineering (NS&E). 
See also Engineering: Science; 
Science and engineering. 
degrees 
bachelors, 59-62, 223, 238, 263-264, 
266 
doctoral, 85, 225, 304 
first, 84-85, 303 
masters, 224 
Natural sciences 
freshman intentions as predictors of bach- 
elors degrees in, 52, 238 
immigrants in, 83, 297 
NCRA (National Cooperative Research Act 
of 1984), 102 
NCTM (National Council of Teachers of 
Mathematics), 36 
Near East, immigrant scientists and engi- 
neers from, 83, 297 
NELS:88 (National Education Longitudinal 
Study of 1988), 27-30, 32 
Netherlands 
high-technology company ownership, 448 
patents 
grants to inventors from, 147-149, 430, 
431 
interpatent citations, 153, 442 
public attitudes toward S&T, 182-184, 
464 
astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187-188, 469 
R&D expenditures in the U.S. by, 110, 
346 
New Brunswick. See Canada. 
Newspapers, for science knowledge, 
169-170, 451, 452 
NIH. See National Institutes of Health. 
Nonmanufacturing S&E job patterns, 5-6, 
67-72, 267-271 
Nonprofit institutions 
Federal R&D obligations to, 95, 318-320 
national R&D spending patterns, 92-93, 
306-311 
NORC (National Opinion Research Center), 
| 76-177, 458 
North |‘ nerica 
inimugrant scientists and engineers from, 
63, 297 
NS&E bachelors degrees awarded in, 
59-62, 263-264, 266 
population of 20- to 24-year-olds, 61, 265 
Northern Ireland, public attitudes toward 
S&T, 187-188, 469 
NRC. See National Research Council; 
Nuclear Regulatory Commission. 
NS&E. See Natural science and engineering. 
NSB. See National Science Board. 
NSF. See National Science Foundation. 
Nuclear energy, attentiveness concept, 171, 
453 
Nuclear engineering 
bachelors degrees in, 272 
masters degrees in, 273 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
Nuclear power, public attitudes toward, 
177-178, 449, 450, 460 
Nuclear Regulatory Commission (NRC), 
SBIR awards, 97, 327 
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OECD (Organisation for Economic 
Cooperation and Development), 136 

Office and computing equipment, S&E jobs 
in, 68, 69 

Ontario. See Canada. 

Organisation for Economic Cooperation and 
Development (OECD), 136 

Outlays, defined, 91 

Ozone depletion, public knowledge of, 173, 
454 


Pacific Islanders, precollege science class- 
room experiments, 29, 220 
Papers. See Literature. 
Patents 
activity index, 150” 
by SICs, 151-152 
classes favored 
by British inventors, 151, 436 
by French inventors, 151, 435 
by inventors from Taiwan, 151, 437 
by Japanese inventors, 150-151, 433 
by South Korean inventors, 151, 438 
by U.S. corporations, 150-151, 432 
by West German inventors, 151, 434 
grants 
to Americans, 147, 148, 430, 431 
to foreign inventors, 147-148, 430, 431 
highlights, 134 
indicators, limitations of, 147 
interpatent citations, 152-154, 442 
overview of, 10 
SIRs and, 147n 
to colleges and universities, 130-131, 
390-399 
Petroleum engineering 
bachelors degrees in, 272 
masters degrees in, 273 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
Ph.D. degrees. See Degrees, doctoral. 
Philippines, immigrant scientists and engi- 
neers from, 83, 297 
Physical sciences 
academic R&D 
doctoral researchers, 124-129, 375-383 
expenditures for, 117-118, 123-124, 
354-358, 370 
facilities and instrument spending, 
120-123, 364-368 
Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 384 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 235-237, 272 
doctoral, 54, 55-56, 247-248 
masters, 53-55, 244-246, 273 
doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 
Federal obligations for research in, 95-97, 
321-326 
freshman planned major in, 9, 49, 229 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-58, 
252, 254 
highlights, 166 
as intended major of top mathematics 
SAT scorers, 22-23, 206-210 
precollege studies 
enrollments in, 211 
qualifications of teachers, 31, 32 
projected job growth in, 80-82 
R&D jobs in, 71, 72, 267-271 
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recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
67-72, 267-271 
Physician, freshman planned career as, 
49-50, 232 
Physics 
articles in, 129-130, 388-389 
precollege enrollments in, 25-26, 211, 
217 
Poland, immigrant scientists and engineers 
from, 83, 297 
Pollution. See Environmental pollution. 
Portugal 
public attitudes toward S&T, 182-184, 
464 
astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187-188, 469 
Precollege education. See Education, precol- 
lege. 
Precollege students. See Students, precol- 
lege. 
Precollege teachers. See Teachers, precol- 
lege. 
Pre-law, as intended major of top mathemat- 
ics SAT scorers, 22-23, 206-210 
Premedicine, as intended major of top math- 
ematics SAT scorers, 22-23, 206-210 
Price indexes, for R&D 
food and agriculture R&D, 101, 333 
health R&D, biomedical deflator, 100-101, 
330-333 
Primary education. See Education, precol- 
lege. 
Primary mathematics. See Mathematics, pre- 
college studies. 
Primary science. See Science, precollege 
studies. 
Primary teachers. See Teachers, precollege. 
Private industry. See Industry. 
Productivity, public attitudes toward, 179, 
180 
Psychology 
academic R&D 
doctoral researchers, 124-129, 375-383 
expenditures for, 117-118, 123-124, 
354-358, 371 
facilities and instrument spending, 
120-123, 364-368 
Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 386-387 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 223, 235-237, 272 
doctoral, 54, 55-56, 225, 247, 249 
masters, 53-55, 224, 244-246, 273 
doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 
Federal obligations for research in, 95-97, 
321-326 
freshman planned major in, 49, 229 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-58, 
253-254 
as intended major of top mathematics 
SAT scorers, 22-23, 206-210 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
Public attitudes toward S&T. See also 
Science literacy. 
highlights, 166 
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international comparisons, 182-184, 464 
data set availability, 183 
issues, attention to, 186, 466 
perception of S&T achievements, 
189-190, 470-472 
scientific conclusions, 187-189, 
468-470 
U.S., Canada, and Europe, 184-185, 464 
overview of, 3, 10, 12 
in U.S., 175-176, 455-456 
attentiveness concept, 170-171, 453 
confidence in institutions, 177, 458 
education, 12, 179-180, 181, 462 
Federal research funding, 10, 12, 177, 
456 
genetic engineering research, 177, 178, 
459 
GSS, 176-177, 458 
interest in issues, 167-168, 449 
media exposure, 169-170, 451, 452 
new technologies, 181-182, 455-456 
nuclear power, 177-178, 460 
research using animals, 181, 182, 
455-456 
science and values, 180-181 
scientific research, 175-177, 457 
space exploration, 178-179, 461 
spending preferences, 181, 463 
Public school education. See Education, pre- 
College. 
Public school students. See Students, precol- 
lege. 
Public school teachers. See Teachers, precol- 
lege. 
Publications. See Literature. 


Quebec. See Canada. 


R&D. See Research and development. 
Racial comparisons. See Ethnic comparisons. 
RAs (Research assistantships), 130, 384-387 
Research and development (R&D). See also 
Applied research; Basic research; 
Development. 
academic. See Academic R&D. 
consortia, 102 
CRADAs for, 102, 103 
funding for 
by Federal budget function, 99-101, 
330-333 
Federal obligations, 94-97, 313-326 
geographic distribution of, 103, 
335-336 
highlights, 88 
international comparisons, 3-5, 107-110, 
341-346 
IR&D programs, 98-99, 143”, 329 
national patterns, 89-93, 306-311 
overview of, 3-5 
as percentage of GNP, 108-109, 
341-342 
public attitudes toward, 10, 12, 177, 456 
SBIR awards, 97, 98, 327-328 
state-based, 102-107, 335-340 
globalization of, 110, 345-346 
industrial. See Industrial R&D. 
public attitudes toward, 175-177, 457 
S&E jobs in, 70-72, 267-271 
scientists and engineers in, 84, 300-301 
synopsis of, 2 
tax credits for, 101-102, 105, 334, 338- 
339 
U.S. overseas, 110, 345 
Research assistantships (RAs), 130, 384-387 
Research centers, 105, 338-339 
Royalties and license fees, 140-142, 411-414 
Russia. See Soviet Union. 


S&E. See Science and engineering. 
S&T. See Science and technology. 
Salaries for recent S&E graduates, 72-74, 
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SASS (Schools and Staffing Survey), 27-28, 
30-31, 33 

SAT (Scholastic Aptitude Test), 22-23, 
206-210 


SBA (Small Business Administration) , 97 
SBIR (Small Business Innovation Research) 
awards, 97, 98, 327-328 
Scholastic Aptitude Test (SAT), 22-23, 
206-210 
Schools and Staffing Survey (SASS), 27-28, 
30-31, 33 
Science 
academic R&D 
doctoral researchers, 124-129, 375-383 
expenditures for, 117-118, 123-124, 
354-358, 370 
facilities and instrument spending, 
120-123, 364-368 
Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 384-387 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 235-237, 272 
doctoral, 54, 55-56, 247-248 
masters, 53-55, 244-246, 273 
doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 
Federal obligations for research in, 95-97, 
321-326 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-58, 
252-258 
as intended major of top mathematics 
SAT scorers, 22-23, 206-210 
national educational goals for, 16, 35 
precollege student preferences for 
careers in, 24 
precollege studies 
average proficiency trends, 7, 17-18, 
199-201 
classroom activities, 27, 29, 220-221 
credits required for graduation, 37 
enrollments in, 25-26, 211, 213-214, 
217 
experiments, 27, 29, 220 
federal role in, 35-36, 222 
highlights, 14-15 
low-track classes, 29 
minority enrollment, 29 
national efforts supporting, 35-37, 222 
overview of, 6-8 
preparation and qualifications of teach- 
ers, 30-33 
relation to learning and college atten- 
dance, 28 
state legislators’ attitudes towards S&E 
education reform, 38 
teacher supply and demand, 33-35 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, | 
274-275 
Science and engineering (S&E). S 
Engineering; Natural scien: 
engineering; Science. 
academic R&D 
doctoral researchers, 124-129, 375-383 
expenditures for, 117-118, 123-124, 
354-358, 370 
facilities and instrument spending, 
120-123, 364-368 


Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 384-387 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 223, 235-237, 272 
doctoral, 54, 55-56, 225, 247-248 
masters, 53-55, 224, 244-246, 273 
doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 
Federal obligations for research in, 95-97, 
321-326 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-58, 
252-258 
NS&E. See Natural science and engineer- 
ing. 
projected job growth in, 80-82 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
workforce 
doctorate recipients, 7, 75-79, 286-296 
highlights, 66 
immigrants in, 83, 297 
industrial job patterns, 67-72, 267-271 
international employment of, 83-85, 
297-304 
overview of, 5-6, 7 
recent S&E graduates, 72-75, 272-285 
supply and demand outlook for, 79-83 
synopsis of, 2 
Science and mathematics education index, 
172 
Science and technology (S&T) 
international markets for. See Global mar- 
ketplace. 
public attitudes toward. See Public atti- 
tudes toward S&T. 
public literacy. See Science literacy. 
state programs, 104-105, 106, 338-339 
Science literacy. See also Public attitudes 
toward S&T. 
highlights, 166 
knowledge 
levels of, 168-169, 450 
sources of, 167, 169-170, 452 
media use and museum visits, 169-170, 
451, 452 
and religious beliefs, 174 
scientific concepts, 173-174 
scientific process, 172-173 
surveys of public on, 167, 172 
Scientific discoveries 
attentiveness concept, 171, 453 
public attitudes toward, 168, 186, 449, 
450, 466 
Scientific researcher, freshman planned 
career as, 49-50, 232 
Scientists. See also Engineers; Scientists and 
engineers. 
employment of. See Science and engineer- 
ing, workforce. 
nonacademic, 83-85, 298-299, 302 
in R&D, 84, 300-301 
R&D jobs for, 70-72, 267-271 
Scientists and engineers. See also Engineers; 
Scientists. 
doctoral, in academic R&D, 124-129, 
375-383 
employment of. See Science and engineer- 
ing, workforce. 
nonacademic, 5, 83-85, 298-299, 302 
public attitudes toward, 176-177, 458 
in R&D, 84, 300-301 


Scope, Seauence, and Coordination (SS&C) 
project, 36-37 
Secondary education. See Education, precol- 
lege. 
Secondary mathematics. See Mathematics, 
precollege studies. 
Secondary science. See Science, precollege 
studies. 
Secondary students. See Students, precol- 
lege. 
Secondary teachers. See Teachers, precol- 
lege. 
Seed capital programs, 105, 338-339 
SES. See Socioeconomic status. 
SIC (Standard Industrial Classification) 
codes, 144m, 151 
Singapore 
NS&E bachelors degrees awarded in, 
60-62, 263-264, 266 
population of 20- to 24-year-olds, 61, 265 
SIR (Statutory invention registration), 147” 
Small Business Administration (SBA), 97 
Small business in high technology. See High- 
technology companies, small busi- 
ness. 
Small Business Innovation Research (SBIR) 
awards, 97, 98, 327-328 
Social sciences 
academic R&D 
doctoral researchers, 124-129, 375-383 
expenditures for, 117-118, 123-124, 
354-358, 371 
facilities and instrument spending, 
120-123, 364-368 
Federal obligations for, 119, 362-363 
Federal support, 129, 382 
geographic distribution of, 124, 125, 373 
RAs for, 130, 387 
baccalaureate institutions of doctorate 
recipients, 47-48, 226 
degrees 
bachelors, 8, 50-51, 223, 235-238, 272 
doctoral, 54, 55-56, 225, 247, 249 
masters, 53-55, 224, 244-246, 273 
doctoral recipients in, 9, 59, 75-79, 
261-262, 286-296 
Federal obligations for research in, 95-97, 
321-326 
freshman intentions as predictors of bach- 
elors degrees in, 52, 238 
freshman planned major in, 9, 49, 229 
graduate enrollments in, 52-54, 58-59, 
239-243, 260 
graduate student financial support, 57-58, 
253, 255 
immigrants in, 83, 297 
as intended major of top mathematics 
SAT scorers, 22-23, 206-210 
projected job growth in, 80-82 
R&D jobs in, 71, 72, 267-271 
recent S&E graduates in, 72-75, 272-285 
salaries for recent graduates in, 72-74, 
274-275 
scientists and engineers employed in, 6, 
267-270 
Social studies, precollege credits required 
for graduation, 37 
Social worker, freshman planned career as, 
49-50, 232 
Socioeconomic status (SES) 
precollege mathematics classes versus, 
29, 222 
precollege science classroom experi- 
ments versus, 29, 220 
qualifications of precollege teachers ver- 
sus, 32, 33 
South Korea 
GDP per capita, 135, 400 


high-technology company ownership, 448 
high-technology product royalties and 
license fees, 140-142, 411 
immigrant scientists and engineers from, 
83, 297 
NS&E bachelors degrees awarded in, 
60-62, 263-264, 266 
patents 
classes favored by inventors from, 151, 
438 
grants to foreigners, 150, 440-441 
grants to inventors from, 147-149, 430, 
431 
population of 20- to 24-year-olds, 61, 265 
Soviet Union 
articles in S&T, 130, 389 
immigrant scientists and engineers from, 
83, 297 
NS&E bachelors degrees awarded in, 
99-62, 263-264, 266 
patents 
grants to foreigners, 150, 440-441 
grants to inventors from, 147-149, 430, 
431 
population of 20- to 24-year-olds, 61, 265 
public attitudes toward S&T, 189-190, 
470, 472 
Space exploration 
attentiveness concept, 171, 453 
public attitudes toward, 168, 178-179, 
449, 45), 461 
public spenaing preferences for, 181, 463 
Space research and development (R&D), 
funding for, 99, 100, 330-331 
Space sciences. See also Earth/space sci- 
ences. 
articles in, 129-130, 388-389 
Spain 
public attitudes toward S&T, 182-184, 
464 
astrology, 186-187, 467 
issues, attention to, 186, 466 
scientific conclusions, 187-188, 469 
SS&C (Scope, Sequence, and Coordination) 
project, 36-37 
Standard Industrial Classification (SIC) 
codes, 144m, 151 
State and local government 
as academic R&D support source, 10, 
116-117, 118, 348-353 
Federal R&D obligations to, 318-320 
State-based R&D expenditures, 102-107, 
335-340 
State distribution of academic R&D, 105-107, 
124, 125, 335-336, 373-374 
State distribution of high-technology small 
business, 157-158, 447 
State reform movements for precollege edu- 
cation, 37-39 
State science and technology (S&T) pro- 
grams, 104-105, 106, 338-339 
Statutory invention registration (SIR), 147 
Students 
foreign 
bachelors NS&E recipients, 59-62, 
263-264, 266 
doctoral S&E recipients, 9, 59, 261-262 
graduate enrollments, 58-59, 260 
graduate 
in academic R&D, 130, 384- 387 
enrollments of, 52-54, 58-59, 239-243, 
260 
financial support, 57-58, 252-259 
precollege 
access to qualified teachers, 32-33 
barriers to minority and impoverished 
students, 28-30, 220, 222 
classroom activities, 27-28, 219-221 
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S&E interests of, 24 
undergraduate 
enrollments of, 48, 50, 51, 234 
financial support, 56-57 
freshman characteristics, 48-50, 
227-233 
freshman intentions as predictors of 
S&E bachelors degrees, 52, 238 
Supply 
of precollege teachers, 33-35 
of scientists and engineers, 79-83 
Supply/demand differentials for scientists 
and engineers, 81-82 
Support. See Financial support. 
Sweden 
GDP per capita, 400 
high-technology company ownership, 448 
immigrant scientists and engineers from, 
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industrial R&D funding and performance, 
415, 416 

NS&E degrees in, 60-62, 84-85, 263, 
266, 303-304 

patents 

grants to inventors from, 147-149, 430, 

431 


interpatent citations, 153, 442 
productivity growth, 154, 155, 443 
R&D expenditures, 110, 341-342, 344, 
346 
scientists and engineers in R&D in, 84, 
300-301 
Switzerland 
high-technology company ownership, 448 
patents 
grants to inventors from, 11, 147-149, 
430, 431 
interpatent citations, 153, 442 
R&D expenditures in the U.S. by, 110, 
346 


Taiwan 
high-technology company ownership, 448 
immigrant scientists and engineers from, 
83, 297 
NS&E bachelors degrees awarded in, 
60-62, 263-264, 266 
patents 
classes favored by inventors from, 151, 
437 
grants to inventors from, 147-149, 430, 
431 
population of 20- to 24-vear-olds, 61, 265 
precollege studies 
achievement in, 21-22 
time spent on homework, 22 
Tax credits for R&D, 101-102, 334 
feachers 
precollege 
certification and degrees of, 32-33 
demand for, 33-35 
preparation and qualifications, 30-33 
students’ access to, 32-33 
supply of, 33-35 
Technologies. See also Inventions and tech- 
nologies. 
attentiveness concept, 171, 453 
emerging 
defined, 160 
future competitiveness and, 160-162 
television, 152 
Technology 
articles in, 9-10, 129-130, 388-389 
industrial use of, 154-155 
highlights, 134-135 
overview, 10 
international comparisons of use, 
155-157, 444, 445 
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literature from. See Literature. 
public attitudes toward, 181-182, 186, 
455-456, 466 
R&D funding, 143-146, 418-429 
small business in. See High-technology 
companies, small business. 
Television 
for science knowledge, 169-170, 451, 452 
technologies for, 152 
Trade. See also Business; Industry. 
balance of, 10, 11, 140, 141, 409-410 
S&E jobs in, 70 
Transportation, Department of (DOT) 
CRADAs, 102, 103 
R&D support, 94-97, 313-318 
SBIR awards, 97, 327 
Transportation equipment, S&E R&D jobs 
in, 271 
Transportation S&E jobs, 70, 268 


Undergraduate education. See Education, 
undergraduate. 
Undergraduate students. See Students, 
undergraduate. 
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articles in S&T, 130, 389 
British science literacy survey. See 
Science literacy. 
GDP per capita, 135, 400 
high-technology company ownership, 448 
high-technology products 
global market for, 11, 137-138, 402-404 
imports of, 138-139, 405 
royalties and license fees, 140-142, 
411-414 
trade balances, 10, 11, 140, 409-410 
immigrant scientists and engineers from, 
83, 297 
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nonacademic scientists and engineers in, 
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NS&E degrees in, 60-62, 84-85, 
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patents 
classes favored by inventors from, 151. 
436 
grants to foreigners, 150, 440-441 
grants to inventors from, 11, 147-149, 
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